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Table 1- compounds of Mentha pulegium's extract  

Identified compounds Class of 

compounds 

Rosmarinic acid  

Veratric acid  

Vanillic, homovanillic, hydroxybenzoic, syringic, 4-hydroxy cinnamic, trans-hydroxy 

cinnamic, 2-hydroxy cinnamic, and ferulic acids 

 

Gallic acid  

Protocatechuic acid  

Gallic, chlorogenic, caffeic, vanillic, syringic, p-coumaric, ferulic, and rosmarinic acids  

Protocatechuic and vanillic acids  

4-Hydroxy benzoic, caffeic, p-coumaric, chlorogenic, and rosmarinic acids  
 

Phenolic acids 

Diosmetin, diosmin, diosmin-7-glucoside 

6,4ǋ-trihydroxy-7,3ǋ-dimethoxyflavone 

5-Desmethoxynobiletin, 5,6-dihydroxy-7,8,3ǋ,4ǋ-tetramethoxyflavone, thymonin, 

sideritiflavone 

5-Hydroxy-3ǋ,4ǋ,6,7-tetramethoxyflavone and thymonin 

Naringenin, luteolin 

Apigenin, rutin, catechin 

Chrysoeriol, 5, 6-dihydroxy-7, 8, 3ǋ, 4ǋ-tetramethoxyflavone and nodifloretin 

Rutin, quercetin, luteolin 
 

Flavonoids 

Spicatolignan A and spicatolignan B 

 
Lignans 
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$ ºÉ ûv½wîúă ÿ Ĉýw³ÿ½,.4/J ýwz¾é ûv½wîúă ÿ Ĉ,.41)# 

©v¾¸¤Åv ûwùºýv½ Ă{Åw´ù 

ā½wÎÝ ¿v ÷vºí ¾ă ©v¾¸¤Åv ā¹¿wz ¿v I½Āí¼ù ćwă óĀù¾å

¾ĉ¿ ºùj ¢Åºz $ ûv½wîúă ÿ ûwĊýwæõ¹-+,1#5 

©v¾¸¤Åv ûwùºýv½  
ìÊ·  ā½wÎÝ û¿ÿ   

÷¾ñ ςπĂĊõÿv āwĊñ û¿ÿ
ρππ 

 

 āwĊñ ï¾z ćwă ā½wÎÝ ĈõĀþå ćvĀ¤´ù ć¾Ċñ ā¿vºýv

ĂýĀ~ 

üĊõĀå Çÿ½ Ăz ā½wÎÝ ĈõĀþå ¡w{Ċí¾£ ôí ûvÀĊù(

õwíĀĊÅĊ¤Ĉù ć¾Ċñ ā¿vºýv Ā ã¾Þù Çÿ½ üĉv ½¹ )¹ĀÉ

 üĊõĀå, wĊ³v IĈĉwĊöé óĀö´ù ½¹ ĈõĀþå ¡w{Ċí¾£ ½ĀÒ³ ½¹

Ĉù ºĊõĀ£ óĀö´ù ½¹ Ĉzj ðý½ ÿ ćv¾z )¹ĀÉ ½ĀÚþù üĉv

ĈöĊù ìĉ vº¤zv ÿ ĂĊĄ£ ¹Ā· óĒ³ ½¹ v½ ā½wÎÝ ¿v ÷¾ñ0*+ 

ĈöĊù wz v½ ĂýĀúý ¾ă ¿v ¾¤Ċõ- ĈöĊù øĉºÅ óĀö´ù ¾¤Ċõ

 ¡wþz¾í0*2"  ÿ0*- ĈöĊù¤õwíĀĊÅ üĊõĀå ã¾Þù ¾¤ĊõĊ Ā,+ 

ºÉ ÓĀö¸ù āºÉ èĊé½ ½wz  ¡ºù Ăz Èþívÿ ÷w¬ýv ćv¾z ÿ

.+ ûwĉw~ ½¹ )ºÉ ā¹v¹ ½v¾é çw£v ćwù¹ ½¹ ĂêĊé¹I  x¼«

ĂýĀúý ć½Āý ½¹ ¾¤ùĀ£Āåÿ¾¤î Åv ÔÅĀ£ wănm 21+ 

ĈöĊù ¡½ĀÍ Ăz ÿ āºývĀ· ÷¾ñ ½¹ ºĊÅv ìĊõwñ ûđvÿ Ĉív

ºÉ ûwĊz ìÊ· ā½wÎÝ  ûv½wîúă ÿ ÀĉÿwÅ$-+,0)# 

 Ĉñºþþí½wĄù ûĀù¿j wz ĈývºĊÆív Ĉ¤ýj ¢ĊõwÞå ĈÅ½¾z

¹v½ĉówîwă$ ¹v¿j ćDPPH#- 

 ¿v ½vºĉw~ Ĉõwîĉ¹v½ yĊí¾£ ûvĀþÝ Ăz Çÿ½ üĉv ½¹DPPH  Ăz

 ½ĀÚþù üĉv ćv¾z )ºÉ ā¹wæ¤Åv ã¾Þù ûvĀþÝ.*+ ĈöĊù ¿v ¾¤Ċõ

¢Úöá wz ā½wÎÝ$ äö¤¸ù ćwă0+I ,++ I.++I /++I 0++ I

1++ I2++ I3++  ÿ,+++ ppm (  wz v½2*- ĈöĊù óĀö´ù ¿v ¾¤Ċõ

 ówîĉ¹v½DPPH   ¢Úöá wz++/*+  ½¹ ÷¾ñ,++ Å ĈÅ Ĉ

 óĀýw¤ù ówîĉ¹v½ Èăwí ÿ ā¹¾í ÓĀö¸ùDPPH ĂýĀúý ºÞz wă

                                                            
1 Folin-Ciocalteu's phenol reagent 
2 2,2-Diphenyl-1-picrylhydrazyl 

 ¿v.+  ¿v Içw£v ĈõĀúÞù ćwù¹ ½¹ ć½v¼ñ Ăýw· ìĉ½w£ ĂêĊé¹

½¹ x¼« Èĉw~ èĉ¾Õ nm0,2  ¾¤ùĀ¤åÿ¾¤î Åv ¿v ā¹wæ¤Åv wz

ā¿vºýv üĉv ½¹ )ºÉ ć¾Ċñ ûĀù¿jTBHQ $ppm ,++ ¢Ą« Ăz #

ā¹¾¤Æñ ¹¾z½wí ÿ ¢Ċúăv ¹½v¹ Ĉĉv¼á ÜĉwþÍ ½¹ Ăí ćv Ăz

Ĉ¤ýj ¢ĊõwÞå ĂÆĉwêù ćv¾z ¹½vºýw¤Åv ûvĀþÝ wz ĈývºĊÆív

ā½wÎÝ ºÍ½¹ ¡½ĀÍ Ăz Ĉñºþþí½wĄù ¾§v ÿ ºÉ ā¹wæ¤Åv wă

5ºĉ¹¾ñ Ă{Åw´ù ¾ĉ¿ Ăõ¹wÞù ¿v ÿ āºÉ ûwĊz $ ÿ Ätv½wúĉĀñ

 Iûv½wîúă-+,+# 
×  )DPPHAS/ADPPH _ Scavenging Effect% = (A

100                                   

 óĀù¾å üĉv ½¹DPPHA  ºéwå Ăí v½ Ĉæþù ó¾¤þí ć½Āý x¼«

 ā½wÎÝùĈ ÿ ºă¹ Ĉù ûwÊý ºÉwzsA  vÀĊù ć½Āý x¼« û

¢Úöáwă ûwĊz v½ ā½wÎÝ äö¤¸ù ćùĈ)ºþí 

$ ĈÊĉwÆív ć½vºĉw~ Ì·wÉOSI#. 

ćv¾z üĊĊÞ£ ć½vºĉw~ ĈÊĉwÆív ¿v āwò¤Å¹  ā¹wæ¤Åv ¢úĊÆý½

Éćv¾z )º üĉv I½ĀÚþù wz ĂýĀúý ¢Úöá ppm 0++  ĂþĊĄz ¢Úöá$

#ĂÞõwÖù üĉv ½¹ ĈývºĊÆív Ĉ¤ýj ¢ĊõwÞå üĉ¾¤ÊĊz wz  ½¹üáÿ½ 

 ûĀù¿j ¾ă ćv¾z )ºÉ ĂĊĄ£.  ¹½Āù Ĉþáÿ½ ĂýĀúý ¾ă ¿v ÷¾ñ

wù¹ )¢Åv ¿wĊý ÿ ¢Ý¾Å ûwĉ¾« vĀă ½¹ āwò¤Å¹ üĉv Ăz  yĊ£¾£

,-+  ÿ ¹v¾òĊ¤ýwÅ Ă«½¹,0 ºÉ øĊÚþ£ ¢ÝwÅ ¾z ¾¤Ċõ ÇĀă¾å$ 

ćĀÅĀù ÿI -++2#) 

 ć¿wÅ ā¹wùjóĀö´ù ćwă ć¾úĊö~ 

ûv¿Ā¤Ċí óĀö´ù ć¿wÅ ā¹wùj 

  ûv¿Ā¤Ċí óĀö´ù ºĊÅv ½¹ ûv¿Ā¤Ċí ½¹Ā~ û¹¾í ô³ ÔÅĀ£

 ìĊ¤Åv,u Ăz çw£v ćwù¹ ½¹ ĈÆĊÕwþâù û¿ øă ćÿ½ ¾z  I

 ¡ºù, ºÉ ā¹wùj ¢ÝwÅ $ ûv½wîúă ÿ ćºĊÊú«,.43 J

 ûv½wîúă ÿ ÄĊ{Ċñ-+,.)# 

ć¿v¾ĊÉ Ăùÿºé àúÍ ć¿wÅ ā¹wùj 

  ã¼³ ¢Ą« Ić¿v¾ĊÉ Ăùÿºé ćwă Ăýv¹ ć½vºĉ¾· ¿v Ä~

ðþÅ IëwÉw· ÿ ½w· ¾ĊÚý Ĉĉwă ĈÎõw· wý  ÿ ćwă Ăýv¹

 Çÿ½ Ăz Ä Å )ºýºÉ ÀĊú£ Ĉ¤Å¹ Çÿ½ Ăz Ă¤ÆîÉ

ûv½wîúă ÿ Ĉî¯Āí $-++4 )ºĉ¹¾ñ ©v¾¸¤Åv ûj àúÍ I#

 Ăz Ăýv¹ ¢{Æý Ić¿v¾ĊÉ Ăùÿºé Ăýv¹ àúÍ ©v¾¸¤Åv ćv¾z

 xj,  Ăz/+  vº¤zv )¹ĀzpH  óĀö´ù ÔÅĀ£ āÀĊýĀĉ¹ xj,*+ 

3 Oxidative stability index  



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(é ā½wÎÝ wz ć¿v¾ĊÉ Ăùÿº ĂýĀ~ āwĊñ ï¾z ¹v¿j               )))     .. 

 ½đĀùHCl   Ăz/  ÷¾ñ xj ÷wú³ ½¹ Ä Å ÿ āºĊÅ½

 ćwù¹ Ăz w£ ºĉ¹ ¡½v¾³.1  Ä Å )ºĊÅ½ ¹v¾òĊ¤ýwÅ Ă«½¹

 ºþĉj¾å ôĊúî£ ¢Ą« v¹º¬ù ÿ ºýºĉ¹¾ñ ĂåwÑv ûj Ăz wă Ăýv¹

xj x¼«I  xÿwþ¤ù ½ĀÕ Ăz ÿ Ă¤å¾ñ ½v¾é ÷¾ñ xj ÷wú³ ½¹

tĀöíÿ½ºĊă ā½wÎÝ ¢ĉwĄý ½¹ )ºÉ ā¹¿ øă ÔÅĀ£ ćºĊ

 ćwù¹ ½¹ ûÿj ½¹ ÿ ©v¾¸¤Åv ĈăwòÊĉwù¿j ½Ā¤ív¾¤Æív

2+  ÿ āºĉ¹¾ñ xwĊÅj Ä Å )ºÉ ìÊ· ¹v¾ñ Ĉ¤ýwÅ Ă«½¹

 Èù$ ìõv ¿v,3 wă àúÍ ½¹Ā~ I¾·j ½¹ ºýºÉ ā¹v¹ ½Ā{Ý #

 ÷w¬ýv ¢Ą« ìÊ· ûwîù ½¹ ÿ Ă¤Æz ½¹ ãÿ¾Ù ½¹

 ć½vºĄòý ¾Úý ¹½Āù ¡wÊĉwù¿jºÉ)ºý 

ûĀĊÆõĀùvĀýwý ĂĊĄ£ 

àúÍwăć ć Ăýv¹ ûvĀþÝ Ăz Iûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé 

ĈÊÉĀ~ ¹vĀù  ¢{Æý Ăz Ĉ{Ċí¾£ ÿ vº« ¡½ĀÍ Ăz ā½vĀĉ¹

,5, ºÉ ā¹wæ¤Åv) àúÍwă ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé ć

 ôí ºùw« ā¹wù Ăz ûºĊÅ½ ćv¾z0*+u  ½¹ I#Ĉý¿ÿ *Ĉý¿ÿ$

āÀĊýĀĉ¹ xj  ìĊ¤Åv ºĊÅv ÿ #ć¿v¾ĊÉ Ăùÿºé àúÍ$," 

¿v )ºýºÉ ÓĀö¸ù #Ĉ{Ċí¾£ ÿ ûv¿Ā¤Ċí$  ĈÆĊÕwþâù ûÀúă

 ¡ºù Ăz,0  ¾¤Ąz óĒ´ýv ćv¾z ÔĊ´ù ćwù¹ ½¹ ĂêĊé¹

 )ºĉ¹¾ñ ā¹wæ¤Åv ¡w{Ċí¾£óĀö´ùwă  ºþĉj¾å ôĊúî£ ¢Ą«

 ¡ºù Ăz xj x¼«-/  ºýºÉ ć½vºĄòý ów°¸ĉ ½¹ ¢ÝwÅ

 ûv½wîúă ÿ Ĉ¤É¹ÿ¾ù x¼¬þù$-+,2 JÇĀ·çĒ·v  ÿ

 ûv½wîúă-+,2)#  üáÿ½ *xj ĂĊõÿv ûĀĊÆõĀùv$w/o wz #

 û¹¾í ÓĀö¸ù üĊĉĀ£$ ¾ĉwæĊÆõĀùv IĂýĀ~ āwĊñ ï¾z ā½wÎÝ

3+ yĊ£¾£ Ăz ¢{Æý wz wĉĀÅ üáÿ½ ÿ #0 5.. 51- u  ĂĊĄ£

 xj *üáÿ½ *xj ĈĉwĄý ûĀĊÆõĀùv ĂĊĄ£ ćv¾z Ä Å )ºÉ

$w/o/w ¢{Æý Ăz āºÉ Ă£½vºĊă àúÍ wz ĂĊõÿv ûĀĊÆõĀùv I#

205-0ᵘ  ćºĉ¾å$ ºýºÉ ÓĀö¸ù ¾òĉºîĉ wz #Ĉý¿ÿ *Ĉý¿ÿ$

 ûv½wîúă ÿ Ĉýw¬þæÅv-+,2)#  wz IôÍw³ ćwă ûĀĊÆõĀùv

đwz ½ÿ¹ ¿wÅ üòúă ¿v ā¹wæ¤Åv  ¢Ý¾Å wz #Äív½Ā£v¾¤õÿv$

rpm ,-+++  ¡ºù Ăz0  ¢Ý¾Å wz Ä Å ÿ ĂêĊé¹rpm 

,3+++  ¡ºù Ăz3  Èăwí ćv¾z Ä Å )ºýºÉ ûÁĀúă ĂêĊé¹

 ºõĀù āwò¤Å¹ ¿v ûĀĊÆõĀùvĀýwý ¡v½» ā¿vºýv ¾¤ÊĊz

 ûwÅĀý Ăþùv¹ wz xÿ¾~ ÛĀý ¡ĀÍv¾å20ᵘ ćwù¹ IęC .2 

                                                            
  ̸  Dynamic Light Scattering 

 ¡ºù Ăz. ĂêĊé¹ $1  ôîĊÅ.+  ºĉ¹¾ñ ā¹wæ¤Åv #ćv ĂĊýw§

 ûv½wîúă ÿ üĊ¬¤Êă ćºĊ¬ù¾Ċù$-+,0)# 

 Āýwý½ĈýwÉĀ~Àĉ  ÿìÊ· ¾íû¹ vĀĊÆõĀùû 

ìÊ·üí vwú¬ýć¹ 

 û¹¾í ìÊ· ćv¾zā½wÎÝwă ¿v āºÉ ĈýwÉĀ~Àĉ½ Āýwý ć

 ½wÊå½¹ ć¹wú¬ýv û¹¾í ìÊ· Çÿ½+,2*+ ùĈöĊ ówîÅw~

 ćwù¹ ½¹ęC 02( z ¡ºù Ă/3 ºÉ ā¹wæ¤Åv ¢ÝwÅ ¿v ô{é )

 ¡ºù Ăz ā½wÎÝ Iûj-/  ćwù½¹ ½¹ ¢ÝwÅ,3(  Ă«½¹

 )ºĉ¹¾ñ ºú¬þù ¹v¾òĊ¤ýwÅ $̄ ûv½wîúă ÿ Ĉ£ĀĊý½w-+,0 5

 ûv½wîúă ÿ ûwêă¹,.42 ûv½wîúă ÿ ćºĊÊú« 5,.43#) 

wă ûĀĊÆõĀùvĀýwý ¡wĊÍĀÎ· ĈÅ½¾z 

ā¿vºýv ôĊÆýw¤~ ÿ ¡v½» ā¿vºýv Üĉ¿Ā£ Iā¿vºýv ć¾Ċñw£¿ 

 I¡v½» ā¿vºýv¡v½» ā¿vºýv Üĉ¿Ā£ $PDIw£¿ ôĊÆýw¤~ ÿ #, wz

 Çÿ½Èþív¾~ îĊùwþĉ¹ ½Āý Ĉ$DLS#, ā¿vºývñĊ¾ć ºÉ )

 ¹ÿ¾¤îõv ÿ¹ ćÿw³ ĈĉwĊúĊÉÿ¾¤îõv ôÅ ìĉ ôùw³ āwò¤Å¹

¢Åv )ĂýĀúýwă  ¢{Æý Ăz āÀĊýĀĉ¹ xj wz,  Ăz0  ½¹ ÿ èĊé½

 ówúÝv Áw¤õÿ Ăí Ĉýwù¿ )ºþ¤å¾ñ ½v¾é ôÅùĈ¹¹¾ñ wz ¡v½» I

 ¢í¾³ ¢{¨ù ¹ÿ¾¤îõv ¢úÅ Ăz Ĉæþù ½wzùĈ ¢Ý¾Å ÿ ºþþí

 ¡v½» ¢í¾³ā¿vºývñ ć¾ĊùĈ¹ĀÉ  ûv½wîúă ÿ ćĀ«$

-+,0)# 

ā¿vºývñĊ¾Äîĉ¾z ć 

 üĊĊÞ£ Ĉ¤Å¹ ¾¤ùĀ¤í¾å½ ÔÅĀ£ wă ûĀĊÆõĀùvĀýwý Äîĉ¾z

 ûv½wîúă ÿ ā¹v¿ üĊÆ³$ ºĉ¹¾ñ,.40)# 

ā¿vºýv ć¾Ċñÿĉ¿ĀîÆĉĂ¤ ¾ăwÙć 

ÿĉ¿ĀîÆĉĂ¤ ¾ăwÙ ¿v ìĉ ¾ă ćĂýĀúýwă ¾Õ ¿vĉè 

ÿĉ¾¤ùĀîÆ ĈÊ·¾¯  ÿ ÿ Åv wzĊóºþ  ā½wúÉ- wù¹ ½¹ ÿ ć

ęC -0 Ê·¾¯ ¢Ý¾Å ½¹ ÿĈ 0+ é¹ ½¹ ½ÿ¹ĊĂê  yÆ³¾z

mPa.s ā¿vºývñć¾Ċ É )ºvüĉ ÿ¾¤ùĀîÆĉ  ½¹ô´ù 

¾é½v¾Ċñē ĂýĀúý v ÿºþĊ ÅIó ÀĄ¬ù Ăz ìĉ ĂÚæ´ù 

ĂývĀ¤Åvvć  ¢Åv ā½vº«ÿ¹Ăí ÔÅĀ£ ìĉ ¹wò¤Åā wú³÷  xj

 ÿĀ£đĀí¾ĊÅ½ ĂÕĀz¾ùI ¹wùē ĂýĀúý  v½øĊÚþ£ ùĈºþí )¼õv 

 ½¹üĊ³ ā¿vºývñĊ¾ć ¾ñv¾ýIēÿ ¹wùē ĂýĀúý ¢zw§ Ĕéwz 

ùĈºýwù  ûv½wîúă ÿ ć¾éwz$-+,0)# 



./     ¾Õĉ¤êĈþ¤å½ IĈ ùvĊ¾ć                                                                          ))) ÿýÈăÿÂ~ Ăĉ¾Ê ºö« *Ĉĉv¼á ÜĉwþÍ ćwă.-  ā½wúÉ-*  ówÅ,/+, 

ā¿vºývñĊ¾ ćpH 

 pH ÆõĀùvĀýwýĊûĀ ÔÅĀ£ wăpH ¾¤ù ā¿vºývñĊ¾ºÉ ć 

 ûv½wîúă ÿ ā¹v¿ üĊÆ³$,.40)# 

ā¿vºývñĊ¾wă ûĀĊÆõĀùvĀýwý ć½vºĉw~ ć 

 ć½vºĉw~ ĈÅ½¾z ćv¾zÆõĀùvĊûĀwă ûĀĊÆõĀùv ĈĉwývĀ£ I

 ìĊîæ£ ºÍ½¹ ÿ Ĉñºþþíûjwă ā¿vºývñĊ¾)ºÉ ć 

ā¿vºývñĊ¾Ĉñºþþí ûĀĊÆõĀùv ĈĉwývĀ£ ć 

ā¿vºývñĊ¾ ¿v ā¹wæ¤Åv wz Ĉñºþþí ûĀĊÆõĀùv ĈĉwývĀ£ ć

$ ûv½wîúă ÿ Ĉþĉ½wĊÅ Çÿ½ ÃwÅv ¾z ÁĀĊæĉ¾¤ýwÅ-++4 #

åĒz )¢å¾ñ ¡½ĀÍ ¡w³ĒÍv Ĉúí wz ĂĊĄ£ ¿v Ä~ ĂöÍw

ûĀĊÆõĀùvĀýwý IwăĂýĀúýwă  ©½ºþù ûĀîõwå ûÿ½¹ v½½ Ă¤¸ĉ

½ÿ¹ wz ÿ rpm /+++  ¡ºù Ăz ÿ0  ÔĊ´ù ćwù¹ ½¹ ĂêĊé¹

 ćwă¿wå ø¬³ ÃwÅv ¾z Ä Å )øĉ¹Āúý ÁĀĊæĉ¾¤ýwÅ

îæ£ĊìāºÉ Ĉñºþþí ûĀĊÆõĀùv ĈñÂĉÿ Ì·wÉ I

ā¿vºývñĊ¾)ºĉ¹¾ñ ć 

 ὉὛὍ    
 

 
ρππ                        

EVf   ÿEVi   ûĀĊÆõĀùv ĂĊõÿv ø¬³ ÿ ĈĉwĄý ø¬³ yĊ£¾£ Ăz

¢Åv) 

ā¿vºývñĊ¾ìĊîæ£ ºÍ½¹ ć 

 ¿v ºÞz ĂöÍwåĒzā¹wùj¿wÅûĀĊÆõĀùvĀýwý ć Iwă-0  ĈöĊù

 Ăz v½ ĂýĀúý ¾ă ¿v ¾¤ĊõĂývĀ¤Åvwă ©½ºù ć-0 ùĊöĈõĊ¾¤ ć

 x½¹ IāºÉ ôê¤þùûjwă ĂzzĀ· Ĉ÷Āùÿ¾Ąù ½¹ ÿ āºĉ¹¾ñ 

 ìĊîæ£ ºÍ½¹ )ºýºÉ ć½vºĄòý ¿ÿ½ ìĉ ¡ºù Ăz çw£v ćwù¹

 Ă{Åw´ù ¾ĉ¿ óĀù¾å ¿vùĈ¹ĀÉ  ûv½wîúă ÿ ÿ¾Ċý½wí$

-+,.5# 

ìĊîæ£Ϸ
Ĉĉđwz ¿wå Ûwæ£½v 

ĂĊõÿv ûĀĊÆõĀùv Ûwæ£½v
 

ρππ                             
$ ĈýwÉĀ~Àĉ½ ûwùºýv½EE#,  

 1*+  wz ½¹Ā~ ¿v ÷¾ñ-+ ùĈöĊ¾¤Ċõ $ ĈĉwĊöé xj0*,+pH= #

 Ä Å ÿ ÓĀö¸ù.+  ā¹¿ øă ĈÆĊÕwþâù ûÀúă wz ĂêĊé¹

 Ä Å )ºÉ ½¹rpm /+++  ¡ºù Ăz,+  ÁĀĊæĉ¾¤ýwÅ ĂêĊé¹

¹¾ñ$ Ĉ¨þ· IØĊöá ºĊÅv wz Ĉĉÿ½ ¿wå )ºĉ2pH= ûvÀĊù )ºÉ #

                                                            
̸   Encapsulation Efficiency 

 ĀĊ¤õwíĀĊÅ üĊõĀå Çÿ½ ÔÅĀ£ Ĉĉÿ½ ¿wå ½¹ ¹Ā«Āù óĀþå

 óĀù¾å ÔÅĀ£ ĈýwÉĀ~Àĉ½ ûwùºýv½ )ºĉ¹¾ñ üĊĊÞ£ ¾ĉ¿

ºÉ Ă{Åw´ù5 
EE (%)= (ce/ct) × 100 

 

ec  ÿ āºÉ ĈýwÉĀ~Àĉ½ ĈõĀþå ¡w{Ċí¾£ ½vºêùtc  ĂĊõÿv ½vºêù

ûv½wîúă ÿ ûvĀĊ«$ ºÉwz Ĉù ¹Ā«Āù ĈõĀþå ¡w{Ċí¾£ 

-+,/;  ûv½wîúă ÿ ÀĉÿwÅ-+,0)# 

¢ĊõwÞå ĈÅ½¾z ĈývºĊÆív Ĉ¤ýj  Āýwý ā½wÎÝ

 ć½vºĉw~ ½¹ ĂýĀ~ āwĊñ ï¾z ¹v¿j ÿ ĈýwÉĀ~Àĉ½

wĉĀÅ üáÿ½ ĈÊĉwÆív 

¹v¿j ÿ āºÉ ĈýwÉĀ~Àĉ½ Āýwý ā½wÎÝI  ¢Úöá ÿ¹ ½¹ ìĉ ¾ă

0++  ÿ,+++  ĈÝĀþÎù ûvºĊÆív Ĉ¤ýj ÿ ÷v Ĉ~ Ĉ~TBHQ 

 ¿w¬ù ¢Úöá ìĉ ½¹,++  ûÿºz ćwĉĀÅ üáÿ½ Ăz ÷v Ĉ~ Ĉ~

 ûv½wîúă ÿ ćºú´ù$ ºýºÉ ĂåwÑv ûvºĊÆív Ĉ¤ýj-+,0 )#

 ÓĒ¤·v ôúÝā½wÎÝwă  ĈÆĊÕwþâù ûÀúă ÔÅĀ£ üáÿ½ wz

 ¡ºù Ăz ÿ.+  ÷w¬ýv wă½wúĊ£ ¿v Ĉ¤Úöá ¾ă ćv¾z ĂêĊé¹

 #Ĉý¹ÿÀåv ĂýĀñ ®Ċă ûÿºz$ wĉĀÅ üáÿ½ ¿v ć½vºêù )ºĉ¹¾ñ

ûvĀþÝ Ăz ÀĊý  ¹½Āù ãÿ¾Ù )ºÉ Ă¤å¾ñ ¾Úý ½¹ ºăwÉ

 Ăí ºý¹Āz ½v¹ x½¹ ÿ ãwæÉ¾Ċá IĈÅ½¾z üĉv ½¹ ā¹wæ¤Åv

 ø¬³ w£2+ Ăýw¸ù¾ñ Ăz ÿ āºÉ ¾~ üáÿ½ wz ¾¤Ċõ ĈöĊù 

 #ûÿj$ęC 10  Èĉwù¿j ā½ÿ¹ )ºýºÉ ôê¤þù,3  ÿ ¹Āz ¿ÿ½

 ½¹ üáÿ½ ûĀĊÅvºĊÆív ¢å¾ÊĊ~ ûvÀĊù I¡ºù üĉv ĈÕ

 ćwă¿ÿ½+ I, I- I. I/ I0 I1 I2 I3I ,+ I,- I,/ I,1  ÿ,3 

 wzā¿vºývñ ć¹ ÿ ºĊÅv ìĉ½Ā¤Ċz½wzĀĊ£ IºĊÆív¾~ ¹ºÝ ć¾Ċ

)ºĉ¹¾ñ üĊĊÞ£ ©ÿ¹Àù ûv 

ā¿vºývñĊ¾$ ºĊÆív¾~ ¹ºÝ ćPV#- 

0  Ä Å ÿ üĉ¿Ā£ üõ½v ìĉ ½¹ üáÿ½ ÷¾ñ.+ ùĈöĊ ¾¤Ċõ

ìĊ¤Åv ºĊÅv óĀö´ù(  ¢{Æý $÷¾åÿ¾öí-5. ā¹ÿÀåv ûj Ăz #

 Ăö³¾ù ½¹ )¹¹¾ñ ô³ ûj ½¹ üáÿ½ w£ ºÉ ā¹¿ øă xĀ· ÿ

 ºÞz0*+ ùĈöĊ Ăz ÿ ĂåwÑv ûj Ăz Ûw{Év øĊÅw¤~ ºĉºĉ ¾¤Ċõ

 ¡ºù,  Ä Å )¢å¾ñ ½v¾é Ĉîĉ½w£ ½¹ ĂêĊé¹.+ ùĈöĊ ¾¤Ċõ

 ¢ĉwĄý ½¹ ÿ ā¹ÿÀåv đwz óĀö´ù Ăz ¾Öêù xj0*+ Ċù ¾¤Ċõ Ĉö

 ûĀĊÅv¾¤Ċ£ I)ºÉ ĂåwÑv ûj Ăz Ă¤ÅwÊý yÆ¯ ã¾Þù

2 Peroxide Value 



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(é ā½wÎÝ wz ć¿v¾ĊÉ Ăùÿº ĂýĀ~ āwĊñ ï¾z ¹v¿j               )))     .0 

 øĉºÅ ¡wæõĀÅĀĊ£ wz  ĂýĀúý+,*+  ü¤å½ üĊz ¿v w£ ówù¾ý

 wz āv¾úă )¢åwĉ Ăùv¹v ûºÉ ðý½ Ĉz ÿ óĀö´ù Ĉzj ðý½

 ûĀĊÅv¾¤Ċ£ĂýĀúýwă ºÉ ÷w¬ýv ÀĊý ºăwÉ ĂýĀúý ûĀĊÅv¾¤Ċ£ I

 yÆ³ ¾z ºĊÆív¾~ ¹ºÝ ÿùĈöĊĈív ½¹ ºĊÆív¾~ ûđvÿ

ñĀöĊí$ ºĉ¹¾ñ Ă{Åw´ù ¾ĉ¿ ĂÖzv½ wz Iüáÿ½ ÷¾AOCS I

-++2 )# 

ºĊÆív¾~ ¹ºÝ  

 

1V  ÿ2V  IºăwÉ ÿ ĂýĀúý ûĀĊÅv¾¤Ċ£ ¹ºÝ yĊ£¾£ ĂzN 

 ÿ øĉºÅ ¡wæõĀÅĀĊ£ Ă¤Ċõwù¾ým  ÷¾ñ yÆ³ ¾z ĂýĀúý û¿ÿ

ùĈ ºÉwz$AOAC I-++0)# 

ā¿vºývñĊ¾$ ºĊÅv ìĉ½Ā¤Ċz½wzĀĊ£ ¹ºÝ ćTBA#, 

 ðý½ ÔÅĀ£ ºĊÅv ìĉ½Ā¤Ċz½wzĀĊ£ ¹ºÝ ć¾Ċñ ā¿vºýv

 ć ĂĉĀýw§ ¡đĀÎ´ù ć¾Ċñ ā¿vºýv ¢Ą« IĈ¬þÅ

 Çÿ½ Ăz ûĀĊÅvºĊÆívAOCS $-++2 )ºÉ ÷w¬ýv #-++ 

ùĈöĊ üõwz ìĉ Ăz ĂýĀúý ÷¾ñ-0  Ä Å ÿ ôê¤þù ć¾¤Ċõ ĈöĊù

 wz,(  ûj ¿v ºÞz )ºÉ āºýwÅ½ ø¬³ Ăz óĀýw£Āz0 ùĈöĊ ¾¤Ċõ

 wz ÓĀö¸ù üĉv ¿v,+ ùĈöĊ ã¾Þù ¿v ¾¤ĊõTBA $-*+ u ½¹ #

 ûĀîõwå ìĉ,0  ¡ºù Ăz ÿ ÓĀö¸ù ć¾¤Ċõ ĈöĊù-  ½¹ ¢ÝwÅ

 xj ÷wú³ęC 40  Ăz ¹¾Å xj ¾ĉ¿ ½¹ Ä Å IºÉ ā¹v¹ ½v¾é

 ćwù¹ęC -0  óĀÕ ½¹ wă ĂýĀúý x¼« ûvÀĊù )ºÉ āºýwÅ½

 ©Āù0.- Ā· ¾Öêù xj ôzwêù ½¹ ¾¤ùĀýwýv ¹ºÝ )ºÉ āºý

 yÆ³ ¾z ºĊÅv ìĉ½Ā¤Ċz½wzĀĊ£ùĈöĊ ½¹ ºĊăºõj ûĀõwù ÷¾ñ

)ºĉ¹¾ñ Ă{Åw´ù ¾ĉ¿ ĂÖzv½ è{Õ üáÿ½ ÷¾ñĀöĊí 

TBA Value= 50 × (A ï B)/ m  

 

 IĂýĀúý x¼«B  ÿ ºăwÉ x¼«m $ üáÿ½ û¿ÿùĈöĊ #÷¾ñ

)ºÉwz Ĉù 

ā¿vºývñĊ¾ ¹ºÝ ć¹ćûv $ ©ÿ¹ÀùCDV# - 

 ¢{Æý Ăz üáÿ½ ćwă ĂýĀúý I½ĀÚþù üĉv ćv¾z,  Ăz1++ 

 Ăz ÷¾ñ$ ûvÀòăùĈöĊ x¼« ûvÀĊù Ä Å )ºÉ èĊé½ #¾¤Ċõ

 ©Āù óĀÕ ½¹ āºÉ èĊé½ ĂýĀúý-./  )ºÉ āºývĀ· ¾¤ùĀýwý

 ûvÀòă x¼« ûvÀĊù ûºývĀ· wz ÀĊý ºăwÉ ĂýĀúý x¼« ûvÀĊù

                                                            
1 Thiobarbituric Acid 

 Ă¤å¾ñ ôîÉ ©ÿ¹Àù ûv ć¹ ¢Úöá üĊĊÞ£ ćv¾z )ºùj ¢Å¹ Ăz

 ¢zw§ yĉ¾Ñ ¿v ûĀĊÅvºĊÆív ĈÕ-4+++  ¿v I¾¤Ċõ ¾z óĀù

$ ºĉ¹¾ñ Ă{Åw´ù ¾ĉ¿ ĂÖzv½ûv½wîúă ÿ ćĀñwÅ  ,441 ; 

 ûv½wîúă ÿ ā¹v¿ ćĀÑ½,.4.5# 

CDV=                                                   

 

A  ©Āù óĀÕ ½¹ ºăwÉ ÿ ĂýĀúý üĊz x¼« ãĒ¤·v-./ 

 ¹ºÝ I¾¤ùĀýwý1++  ¹ºÝ ÿ ûvÀòă ½¹ ĂýĀúý ¢é½ ¾òýwĊz

-4+++  ¢é½ yĉ¾Ñ ¾òýwĊzùĈ)ºþÉwz 

ā¿vºývĈõĀþå ¡w{Ċí¾£ ûvÀĊù ć¾Ċñ 

 ½¹ ¹Ā«Āù ĈõĀþå ¡w{Ċí¾£ĂýĀúýwăóĀýw¤ù wz üáÿ½ ć( xj

$ ûv½wîúă ÿ ôĊz Çÿ½ wz èzwÖù-++3 ¾ĊĊâ£ Ĉíºýv wz #

 ©v¾¸¤Åvºĉ¹¾ñ Çÿ½ üĉv è{Õ )0*-  ¾ă ¿v ÷¾ñĂýĀúý 

 wz üáÿ½0*- ùĈöĊ Ä~ )ºÉ ÓĀö¸ù ûĀîõwå ½¹ ûvÀòă ¾¤Ċõ

 ¿v,  I½Āí¼ù óĀö´ù Äî£½ÿ ĂêĊé¹0*-  óĒ³ ¾¤Ċõ ĈöĊù

óĀýw¤ù($ ¢{Æý wz xj-+53+ ÿ ºĉ¹¾ñ ĂåwÑv ûj Ăz  #

 v¹º¬ù,  Ä Å )ºÉ Äî£½ÿ ĂêĊé¹óĀö´ùwă  ¡ºù Ăz0 

 ½ÿ¹ wz ĂêĊé¹0+++  ¿wå )ºýºÉ ÁĀĊæĉ¾¤ýwÅ ĂêĊé¹ ¾z ½ÿ¹

 Ĉõÿ ©½w· ¾ö úÅ wz Ĉþáÿ½ ÿ ć½vºĄòý Ăýwñvº« Ĉzj ¿wå

 ¢ĉwĄý ½¹ )¢å¾ñ ½v¾é ©v¾¸¤Åv ô³v¾ù ¢´£ ¾òĉ¹ ½wzÿ¹

 üõwz Ăz ĂýĀúý ¾ă Ăz ÓĀz¾ù Ĉzj ćwă¿wå ÷wú£0+  ĈöĊù

 Çÿ½ ÃwÅv ¾z ôí óĀþå ćvĀ¤´ù )ºýºÉ ôê¤þù ć¾¤Ċõ

õĀåüĊ ĀĊ¤õwíĀĊÅ )ºÉ üĊĊÞ£0*- ùĈöĊ ã¾Þù ¿v ¾¤Ċõ

üĊõĀå( ¢{Æý Ăz xj wz āºÉ èĊé½ Ā¤õwíĀĊÅ $,+5, Ăz #

 ¿v Ä~ ÿ ā¹ÿÀåv üõwz.  IûĀîÅ ĂêĊé¹0 ùĈöĊ ¿v ¾¤Ċõ

¡wþz¾íºÅ øĉ0*2u  ¡ºù ¿v ºÞz )ºÉ ĂåwÑv ûj Ăz,  IĂêĊé¹

 ćwù¹ ½¹ yÉ óĀÕ ½¹ ÿ āºÉ āºýwÅ½ ø¬³ Ăz wă üõwz

 ©Āù óĀÕ ½¹ wĄýj x¼« Ä Å )ºýºÉ ć½vºĄòý çw£v210 

ºÉ āºývĀ· ¾¤ùĀ¤åÿ¾¤î Åv āwò¤Å¹ ÔÅĀ£ ¾¤ùĀýwý. ½vºêù 

 ¾z āºÉ øÅ½ Ô· Ăõ¹wÞù ¿v ā¹wæ¤Åv wz ĈõĀþå ¡w{Ċí¾£ ôí

 ¡½ĀÍ Ăz ÿ ìĊõwñºĊÅv ćwþ{ùùĈöĊ ā½wÎÝ ÷¾ñ ½¹ ÷¾ñ

ĉ¹¾ñ ûwĊzº) ûv½wîúă ÿ ìĊ«ÿ -+,0)# 

2 Conjugated Dien Value 

 



.1     ¾Õĉ¤êĈþ¤å½ IĈ ùvĊ¾ć                                                                          ))) ÿýÈăÿÂ~ Ăĉ¾Ê ºö« *Ĉĉv¼á ÜĉwþÍ ćwă.-  ā½wúÉ-*  ówÅ,/+, 

  üáÿ½ ðý½ ¡v¾ĊĊâ£ ĈÅ½¾z 

¾ĉĀÎ£ Ç¿v¹¾~ Çÿ½ 

 ðý½ ĈÅ½¾z ½ĀÚþù ĂzĂýĀúýwă Çÿ½ ¿v üáÿ½ ć

 Ă{Þ« ìĉ ¿v Çÿ½ üĉv ½¹ )ºÉ ā¹wæ¤Åv ¾ĉĀÎ£ Ç¿v¹¾~

 ¹wÞzv wz0+=0+=0+ ¤ýwÅĈ wz ¾¤ùù¿ĂþĊ ºĊæÅ ðý½ Ăz ćv

 ½¹ ĂýĀúý )ºÉ ā¹wæ¤Åv ć½v¹¾z¾ĉĀÎ£ ćĀîÅ ûvĀþÝ Ăz

 ā½vĀĉ¹ ½¹ ów¤Ċ¬ĉ¹ üĊz½ÿ¹ ìĉ ÿ ¢å¾ñ ½v¾é Ă{Þ« ÔÅÿ

 ćÿ¾zÿ½ Ă{Þ« ćđwzĂýĀúýwă  ø¤ÆĊÅ )¹Āz ¾ê¤Æù

½Āý$ ¢þÅ½Āöå }ùđ ÿ¹ ¿v ć¿v¹¾~,+  óĀÕ Ăz Ĉ£vÿ/+ 

¤ýwÅĈÉ ôĊîÊ£ #¾¤ù ìéw£v ÔÅÿ ½¹ Ăí ¹Āz āº

ÄîÝ½v¹¾z üĊz½ÿ¹ wz ć¾Ċñ¾ĉĀÎ£ )ºþ¤Év¹ ½v¾é ć

 ĂöÍwå ½¹ Ĉõw¤Ċ¬ĉ¹-+ ¤ýwÅĈ )ºÉ ÷w¬ýv ĂýĀúý ć¾¤ù

 ¢ù¾å wz ¾ĉÿwÎ£jpg  Ĉòý½ ćwÒå ½¹ ÿRGB  ā¾Ċ·»

 wz āºÉ Ă¤å¾ñ ¾ĉÿwÎ£ )ºýºÉ÷¾ývÀåv½ Image J wý¾z ÿ Ăù

$ ûjConverter-Space-Color¿v #  Ĉòý½ ćwÒåRGB 

 Ăz*a I*b  ÿL ºýºÉ ôĉº{£  ûv½wîúă ÿ ĈĉvĀê£$-+,/)# 

ć¾¤ùĀ£Āåÿ¾¤î Åv āwò¤Å¹ wz Ĉòý½ Ì·wÉ üĊĊÞ£ 

 x¼« ûºývĀ· wz wĉĀÅ üáÿ½ ćwă ĂýĀúý Ĉòý½ Ì·wÉ

 ć ĂĊ³wý ½¹/-+ ¾Öêù xj ¾zv¾z ½¹ ¾¤ùĀýwý   ćwă¿ÿ½ ½¹

ć¾Ċñ ĂýĀúý ºÉ ć¾Ċñ ā¿vºýv  ûv½wîúă ÿ ćĀñwÅ$,441)# 

ć½wùj ôĊö´£ ÿ ĂĉÀ¬£ 

 ¿v ā¹wæ¤Åv wz ûĀù¿j ¿v ôÍw³ ćwă ā¹v¹ ć½wùj ĈÅ½¾z

 ½vÀåv ÷¾ýSPSS  Ă¸Æý,1 ÿ Ĉå¹wÎ£ PĒùwí ±¾Õ ½¹ I

$ Ăå¾Õ ìĉ Äýwĉ½vÿ ÀĊõwýjANOVA#,  ªĉw¤ý )ºÉ ÷w¬ýv

 ãv¾´ýv wz ½v¾î£ ĂÅ ¿v ôÍw³ ćwă üĊòýwĊù ¡½ĀÍ Ăz

 ć½v¹ ĈþÞù ¡ÿwæ£ )¢å¾ñ ¡½ĀÍ )ºĉ¹¾ñ Ç½vÀñ ½wĊÞù

ûĀù¿jwă  ²ÖÅ ½¹ üîýv¹ ûĀù¿j ÃwÅv ¾z+0*+  üĊĊÞ£

 ½vÀåv ÷¾ý wz wă½v¹Āúý )ºÉMicrosoft Excel  Ă¸Æý,1 

)ºýºĉ¹¾ñ øĊÅ¾£ 
 
 
 
 
 

                                                            
1 Analysis of variance 

¦´z ÿ ªĉw¤ý 

 ćvĀ¤´ù ûvÀĊùĂýĀ~ āwĊñ ï¾z ā½wÎÝ ôí ĈõĀþå 

 óÿº«- üĊòýwĊù ć ĂÆĉwêù  ā½wÎÝ ¿v ôÍw³ ĈõĀþå ¡w{Ċí¾£

wz Ăí ©v¾¸¤LLLÅv ûwùºýv½ ÿ ĂýĀ~ āwĊñ ï¾z  Çÿ½ ¿v ā¹wæ¤LLLÅv

Ĉù ûwLLÊý v½ ¢LLÅv āºLLÉ ÷w¬ýv ºýĀLLÅv¾¤õÿv xÿ¾~ ªĉw¤ý )ºă¹

 I©v¾¸¤Åv ûwù¿ ÿ wù¹ Ăí ¹v¹ ûwÊý èĊê´£ üĉv ½¹ ć½wùj ÀĊõwýj

 ûwùºýv½ ÀĊý ÿ ĈõĀþå ¡w{Ċí¾£ ½vºêù ¾z ć½v¹ ĈþÞù ¾Ċ§w£

 ¹½v¹ ©v¾¸¤LLÅv$+0*+<p# ÿ ĈõĀþå ¡w{Ċí¾£ ûvÀĊù üĉ¾¤LLÊĊz )

 ćwù¹ Ăz ÓĀz¾ù yĊ£¾£ Ăz ©v¾¸¤LLLÅv ûwùºýv½0+  Ă«½¹

 ûwù¿ ¡ºù ÿ ¹v¾òĊ¤ýwLLLÅ,+ ù¹ ÿ ĂêĊé¹ ćw0+  ¡ºù ÿ Ă«½¹

 ûwù¿-+  ÈĉvÀåv wz Ăí ºĉ¹¾ñ Ì¸LLLÊù ªĉw¤ý è{Õ )¹Āz ĂêĊé¹

 ćwù¹ ½¹ ĈõĀþå ¡w{Ċí¾£ ûvÀĊù Iûwù¿/+  ¹v¾òĊ¤ýwLLLÅ Ă«½¹

 ćwù¹ ½¹ ûwù¿ ûºÉ ĈýđĀÕ wùv )¢Évºý ć½v¹wþÞù ÈĉvÀåv0+ 

 ĈõĀþå ¡w{Ċí¾£ ûvÀĊù ½¹ ć½v¹ ĈþÞù Èăwí ¦Ýwz Ă«½¹

ÓĀz¾ù ºývĀ£ Ĉù Èăwí üĉv Ăí ºĉ¹¾ñ  û¹Āz ÃwLLLLÆ³ Ăz

ûwù¿ ÈĉvÀåv wz Ăí ºLLLÉwz wù¹ Ăz ĈõĀþå ¡w{Ċí¾£I  Ăz ¾¬þù

 ÈĉvÀåv Ĉöí ½ĀÖz )ºĉ¹¾ñ ĈõĀþå ¡w{Ċí¾£ ¿v ĈLLLÊ¸z yĉ¾¸£

 ¿v wù¹/+  Ăz0+  ¡w{Ċí¾£ ÈĉvÀåv y«Āù I¹v¾òĊ¤ýwLLLÅ Ă«½¹

 üĉv ¾¤LLÊĊz ©v¾¸¤LLÅv y{LLÅ ¾£đwz ćwù¹ ĈþÞĉ Ăí ºLLÉ ĈõĀþå

Ĉù ¡wLL{Ċí¾£ ½¹ ûwLLù¿ ÈĉvÀåv wLLùv ¹¹¾ñ ćwLLù¹0+  ĂLL«½¹

 ü¤å¾ñ ½v¾é Ï¾Þù ½¹ ûºLLÉ ĈýđĀÕ Ăz Ă«Ā£ wz ¹v¾òĊ¤ýwLLÅ

 I¡w{Ċí¾£ üĉv û¹Āz ÃwLLLÆ³ ÿ đwz ćwù¹ ½¹ ĈõĀþå ¡w{Ċí¾£

 Èăwí Ăz ¾¬þù ć½v¹wþÞù ½ĀÖz ¡w{Ċí¾£ üĉv ½vºêùºLLLÉ ) wù¹

ĉîĈ öÍv ôùvĀÝ ¿vĈ ½¹ Ăz )¢Åv ºýĀÅv¾¤õÿvvÀåv Ĉöí½ĀÕĉÈ 

v ½¹ĉü â¤ùĊ¾ v ¹¾îöúÝ ½¹ ¹Ā{Ąz wzí¾£ ©v¾¸¤LLLÅĊ¡w{ öþåĈ  Ăz

¢öÝ wêõvć LLLÆñĊò¤¸Ĉ ñ½w~ ÿĈ ~ĊwăºýĀć ¾£wùĉÄî óĀöLLLÅI 

vÀåv ¦ÝwzĉÈ õĒ³Ċ¢ í¾£ĊIy  ÷¾« ówê¤ýv IóĒ³½wÊ¤ýv ¢Ý¾Å

ÿ Èăwí ÿĉ¿ĀîÆĉĂ¤ ù óĒ³ Èþ£ ÿĈ¾ñ¹¹ $ ûv½wîúă ÿ ĈöÅ

-+,0;   ûv½wîúă ÿ üĊÆ³-+,-#.  ½¹ wù¹ ¢Åv üîúù Ă¯¾ñv

 v½ ÷¾« ówê¤ýv ©v¾¸¤LLLÅv óĀÕvÀåvĉÈ  ¢LLLÅv üîúù wùv Iºă¹

ùĊûvÀ ¾¸£LLĉy í¾£Ċ¡wLL{  v½ ÀĊývÀåvĉÈ ºLLă¹  ûwLLù¿ ÿ wLLù¹ )

 ûwùºýv½ ½¹ ć½v¹ ĈþÞù ÈĉvÀåv ûºÉ ½vºĉº~ y{Å I©v¾¸¤Åv

 ¿v ć½v¹ ĈþÞù ć¹ĀÞÍ ¾ĊÅ Ăîĉ½ĀÖz IºÉ ā½wÎÝ ©v¾¸¤Åv

¹v¹ ûwLLÊý v½ ÷½wĄ¯ ½wúĊ£ w£ óÿv ½wúĊ£ . ÈĉvÀåv ôĊõ¹ üĊúă Ăz

 ¿v ©v¾¸¤LLLÅv ûwù¿,+ Ăz -+  ā¹¿wz ÈĉvÀåv Ăz ¾¬þù ĂêĊé¹

ºĉ¹¾ñ ©v¾¸¤Åv $óÿº«-#¿ Jĉv¾ vÀåvĉÈ  ā¿w«v ©v¾¸¤Åv ûwù¿



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(é ā½wÎÝ wz ć¿v¾ĊÉ Ăùÿº ĂýĀ~ āwĊñ ï¾z ¹v¿j               )))     .2 

Ĉùv¾z óĒ³ wz Ãwú£ ½¹ ¾Úý ¹½Āù āºýĀÉ ô³ ā¹wù Ăí ºă¹ć 

ýđĀÕ ¡ºù ôĊîLLLÊ£ ćv¾z Ĉåwí ¢LLLÍ¾å ÿ ¹¾Ċñ ½v¾é ć¾£ Ĉ

ûj ûºÉ ĈÉĒ¤ù ÿ xw{³ Ă¤Év¹ v½ ºýĀÅv¾¤õÿv ºþĉv¾å ĈÕ wă

$ ºþÉwză ÿ ½Āæá ûv½wîú-++4)# ÆùĀ£Ċì  ÿ$ ûv½wîúă-+,1 #

¹½Āù ½¹ ÅĊ¾ Ê³ÿĈ $Allium ursinumý #ĊÀ  Ă¬Ċ¤ý üĊúă Ăz

)¢Åv èĊê´£ üĉv ¿v ôÍw³ ªĉw¤ý wz ĀÆúă Ăí ºýºĊÅ½ 

 

ÿº«ó -(  ï¾z ā½wÎÝ ćwă ĂýĀúý ½¹ ©v¾¸¤Åv ûwùºýv½ ÿ ĈõĀþå ¡w{Ċí¾£ ½vºêù ĂýĀ~ āwĊñ 

Table 2- Total phenolic compounds and extraction yeild of Mentha puleguim extracts 

Total phenolic content (mg of gallic acid/g of dry extract)  Extraction yield  Sample 
b 0/00±  330  d 0/05 ± 12/04  40-10 
b 4/00±  329  c 0/01±  16/00  40-20 
a 2/00±  364  b 0/03±  18/07  50-10 
d 2/00±  268  a 0/02±  20/03  50-20 

                             Means with different letters within column indicate significance difference at P < 0.05 

 

ā½wÎÝ ĈývºĊÆív Ĉ¤ýj ¢ĊõwÞå ĈÅ½¾z ï¾z ćwă āwĊñ

ĂýĀ~ 

¹v¿j ówîĉ¹v½ ½wĄù ĈĉwývĀ£ ûvÀĊù DPPH 

 ½¹ ĂýĀ~ Ĉ«v¾¸¤Åv ā½wÎÝ ÔÅĀ£ ¹v¿j ówîĉ¹v½ ½wĄù

ćwă ¢Úöá  0+  w£,+++  ÷v Ĉ~ Ĉ~  ûĀù¿j wzDPPH  ā¿vºýv

 ôîÉ ½¹ āºùj ¢Åºz ªĉw¤ý è{Õ )ºĉ¹¾ñ ć¾Ċñ, üĊz I
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 ôîÉ,( ówîĉ¹v½ ½wĄù ºÍ½¹ ¹v¿j ćwăDPPH ā½wÎÝ ½¹ ćwăĂýĀ~ āwĊñ ï¾z  
Figure 1- Percentage of inhibition of DPPH free radicals in leaf extracts of peppermint 

                      similar letters in each concentration indicate no significant difference (P> 0.05)    

  

 

b
b

e

e

e e e e e e

d

e

d

d

d d
d d d d

c

d

b

b

b
b

b b b b

c

c

c

c

c c
c

c c c

a a a a a a a a a a

0.0000

10.0000

20.0000

30.0000

40.0000

50.0000

60.0000

70.0000

80.0000

90.0000

100.0000

50 100 300 400 500 600 700 800 900 1000

D
P

P
H
 
Ĉ
õ
w
î
ĉ
º
õ
½
 
½
w
Ą
ù
 
º
Í
½
¹

¢Úöá

40-10 40-20 50-10 50-20 TBHQ



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(é ā½wÎÝ wz ć¿v¾ĊÉ Ăùÿº ĂýĀ~ āwĊñ ï¾z ¹v¿j               )))     .4 

Ĉ¤ýj ¢ĊõwÞå È¬þÅ ĈývºĊÆívā½wÎÝ ûĀù¿j wz wă

ĈÊĉwÆív ć½vºĉw~ Ì·wÉ (OSI) 

 ôîÉ-  ½¹ äö¤¸ù ćwă½wúĊ£ ĈÊĉwÆív ć½vºĉw~ Ì·wÉ

 ¢Úöá0++ Ĉù ûwÊý v½ wĉĀÅ üáÿ½ ½¹ ÷v Ĉ~ Ĉ~ ½¹ )ºă¹

 ûwù¿ ÿ wù¹ Ăí ºÉ āºăwÊù Äýwĉ½vÿ ÀĊõwýj ĈÅ½¾z

©v¾¸¤ÅvI  ĈÊĉwÆív ć½vºĉw~ Ì·wÉ ¾z ć½v¹wþÞù ¾Ċ§w£

$ ºý½v¹ wĉĀÅ üáÿ½p<0.05)#   ć½vºĉw~ üĉ¾¤ÊĊz

 ½wúĊ£ Ăz ÓĀz¾ù ĈÊĉwÆív0+(,+ $,2  wz Ăí ¹Āz #¢ÝwÅ

 ûvºĊÆív Ĉ¤ýj ¿v ć½v¹wþÞù ãĒ¤·vTBHQ  ¢Úöá ½¹

,++ ÷v Ĉ~ Ĉ~ $,- )¹Āz ¾£đwz #¢ÝwÅ  ÀĊý ć½vºĉw~ üĉ¾¤úí

 ½wúĊ£ Ăz ÓĀz¾ù,+(/+ wz Ăí ¹ĀzTBHQ   ĈþÞù ãĒ¤·v

wþÞù ãĒ¤·v wz wă½wúĊ£ Ĉùwú£ )¢Évºý ć½v¹ ĂýĀúý ¿v ć½v¹

 ºý¹v¹ Ĉù ÈĉvÀåv v½ wĉĀÅ üáÿ½ ć½vºĉw~ Ì·wÉ IºăwÉ

$p<0.05)# 

 

 
                              

 ôîÉ-( ĈÊĉwÆív ć½vºĉw~ Ì·wÉ (OSI) ĂýĀ~ āwĊñ ï¾z ćwă ā½wÎÝ 
Figure 2- Oxidative stability index (OSI) of mint leaf extracts 

Similar letters in each concentration indicate no significant difference (P> 0.05) 
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Figure 3- Size and particle size distribution of nano-emulsion (w/o/w) coated with Allysum homolocarpum 
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Figure 4- size and particle size distribution of nano-emulsion (w/o/w) coated with chitosan 
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Figure 5- size and particle size distribution of nano-emulsion (w/o/w) coated with chitosan - Allysum 

homolocarpum 
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 ôîÉ1(  ûĀĊÆõĀùvĀýwý ćw£¿ ôĊÆýw¤~ć¿v¾ĊÉ Ăùÿºé ÈÉĀ~ wz xj*üáÿ½*xj 
Figure 6- zeta potential of nano-emulsion (w/o/w) coated with Allysum homolocarpum 

 

 
 ôîÉ2( ~ûv¿Ā¤Ċí ÈÉĀ~ wz xj*üáÿ½*xj ûĀĊÆõĀùvĀýwý ćw£¿ ôĊÆýw¤ 

Figure 7- zeta potential of nano-emulsion (w/o/w) coated with chitosan 
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Figure 8( zeta potential of nano-emulsion (w/o/w) coated with chitosan and Allysum homolocarpum 
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 ½wúĊ£ $,  w£. )#ºÉwz Ĉù ÿ¹¾ă yĊí¾£ ÿ ûv¿Ā¤Ċí Ić¿v¾ĊÉ Ăùÿºé ÈÉĀ~ Ăz ÓĀz¾ù yĊ£¾£ Ăz 
Table 3- Mean particle size, polydispersity index (PDI) and zeta potential values of nano-emulsions with different 

coatings  

(samples 1 to 3, is related to nano-emulsions with Allysum homolocarpum, chitosan and mix coatings, respectively). 
 

Zeta Potential 

(Mv) 

PDI Particle size (nm) Sample 

a±0/0032.50( c0.233±0/02 c82.22±0/05 1 
c3.54±0/00- a0.582±0/05 a156.30±0/19   2 
b6.84±0/01- b0.352±0/00 b107.50±0/05 3 

Each value in the table represents the mean ± standard deviation of triplicate analysis. Different superscripts within the 

same line represent significant difference at P<0.05. 
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 ĂzwÊù ¢ÚöáºÉwz ûv½wîúă ÿ ćºĊÊú«$-+-+# ªĉw¤ý )

 ûv½wîúă ÿ ¹vÂý ć½wÎ³ ÈăÿÂ~ ªĉw¤ý wz ¾Ñw³ èĊê´£

$-+,0 û¿ÿ wz ć¿v¾ĊÉ Ăùÿºé àúÍ Iºý¹Āúý ûwĊz Ăí #

 ÔĊ´ù ćwù¹ ½¹ v½ ĈÖÅĀ¤ù Ă¤ĉ¿ĀîÆĉÿ Iøí ĈõĀîõĀù

 ¹w¬ĉvùĈºþí  )¢Év¹ ¢êzwÖù èĊê´£ üĉv ½¹ùĈ ûvĀ£

 ¾£đwz Ă¤ĉ¿ĀîÆĉÿ Ăz ¢{Æý v½ ć¿v¾ĊÉ Ăùÿºé àúÍ

 ÿ yÞÊþù ½w¤·wÅ Ăz ûv¿Ā¤Ċí Ă¤ĉ¿ĀîÆĉÿ¬ý¿Ċā¾wă ć

)¹v¹ ¢{Æý àúÍ üĉv ºþöz 

 ÿ ûĀĊÆõĀùv ć½wñºýwù ûwù¿ Ăz ûĀĊÆõĀùv ć Ă¤ĉ¿ĀîÆĉÿ

 ¢Ý¾ÅĂùw·v Ô{£¾ù ûj ûºÉ ć¢Åv Iv¿vĉüÿ½  Ă{Åw´ù

 ÃwÅv ¾z )¹½v¹ ¢Ċúăv ½wĊÆz ûj óÿº«/I  ć Ă¤ĉ¿ĀîÆĉÿ

 ûĀĊÆõĀùvĀýwýĄ£ĊĂāºÉ  ¿v ¾¤ÊĊz ć¿v¾ĊÉ Ăùÿºé àúÍ wz

 ûĀĊÆõĀùvĀýwýĄ£ĊĂāºÉ  Ĉå¾Õ ¿v )¹Āz ûv¿Ā¤Ċí wz

 ûĀĊÆõĀùvĀýwý ć Ă¤ĉ¿ĀîÆĉÿĄ£ĊĂāºÉ  ÿ¹ üĉv ÓĀö¸ù ¿v

 ÿ¹ ć Ă¤ĉ¿ĀîÆĉÿ üĊzwù IàúÍĂýĀúý ôĊõ¹ Ăí ¹Āz ¾òĉ¹ ć

 àúÍ ÿ¹ üĉv ¾zv¾z ¢{Æý wz ûºÉ yĊí¾£ Iûj¢Åv  ÿ



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(ć¿v¾ĊÉ Ăùÿºé ¹v¿j ā½wÎÝ wz  ĂýĀ~ āwĊñ ï¾z                  )))  /0 

 
 

wz ĂýĀúý ĂÅ ¾ă ć Ă¤ĉ¿ĀîÆĉÿ  øă×w´õ¿v  ãĒ¤·v ć½wùj

þÞùĈ½v¹  ûĀĊÆõĀùv ć Ă¤ĉ¿ĀîÆĉÿ üĊz ãĒ¤·v )ºþ¤Év¹

 v½ ûv¿Ā¤Ċí ćÿw³ ÿ ć¿v¾ĊÉ Ăùÿºé àúÍ ćÿw³ùĈûvĀ£ 

 ĈĉwĊúĊÉ ½w¤·wÅ ÿ ĈõĀîõĀù û¿ÿ Ăzûjwă  )¹v¹ ¢{Æý

Ăzöí½ĀÕ ÿ ĈõĀîõĀù û¿ÿ ½ºê¯¾ă Ĉā¿vºýv ¾¤ÊĊz àúÍ ć

IºÉwz  üĊz ëwîÖÍvóĀîõĀùwă  ÿ ¾¤ÊĊz¤ý½¹ĊĂ¬ 

 ćwă½w¤·wÅ üĊþ°úă )¹Āz ºăvĀ· ¾¤ÊĊz Ă¤ĉ¿ĀîÆĉÿ

 ¿v øÝv ûwÊÝvĀýv Ăz Ă«Ā£ wz ĈĉwĊúĊÉĂ·wÉ½v¹  ûÿºz wĉ

xwÞÊýv ćv½v¹ I¢¸Å w£ äÖÞþù Iāÿ¾ñwă wĉ ½v¹½wz ć

 ))) ÿ ½wz ûÿºz§m£Ċ¾  ÿ ĈîĉÁĀõĀt½ ½w¤å½ ¾z ĈúĊê¤Æù

 ûĀĊÆõĀùv ć Ă¤ĉ¿ĀîÆĉÿùĈ¹½v¼ñ  ûv½wîúă ÿ ćºĊÊú«$

-+-+½ 5 ûv½wîúă ÿ ćĀÑ,.4+ )# Ăí Ĉýwù¿àúÍwă ć

 ĂåwÑv ûĀĊÆõĀùv Ăz āºÉ Ă£v½ºĊăùĈ¹¹¾ñI  û¿ÿ ôĊõ¹ Ăz

 üĉv ćđwz ĈõĀîõĀùàúÍwă ¢í¾³ Iā¾Öéwă ûĀĊÆõĀùv ć

ÈăwíĉĂ¤åw Ĉù ¾¤ÊĊz ćÿ¾ýv¾ñ ÿ )¹ĀÉ¤ý½¹ĊĂ¬  ¹½Ā·¾z

 ¾òĉºîĉ Ăz ¡v½» ü¤¸Ċùj øă Ăz ¡ºÉ ¿v ÿ ¾¤úí øă wz ¡v½»

Ĉù Ă¤Åwí )¹ĀÉv¿vĉüÿ½ ¢Ċ{¨£ ½¹ Ă¤ÅĀĊ~ ¿wå ćÿ¾ýv¾ñ I

 ć Ă¤ĉ¿ĀîÆĉÿ ½¹ ¾ĊĊâ£ )¹½v¹ ¢Ċúăv ½wĊÆz ûĀĊÆõĀùv

 ½w¤·wÅ û¹Ā{ý ûwÆîĉ ôĊõ¹ Ăz ÔĊ´ùàúÍwă  ¡ÿwæ¤ù

 ÈĉvÀåv y«Āù Ĉ·¾z ÿ Èăwí y«Āù Ĉ·¾z Ăí ¢Åv

Ĉù ÔĊ´ù Ă¤ĉ¿ĀîÆĉÿ ûv½wîúă ÿ ā¹v¿ ćĀÑ½$ ºý¹¾ñ

,.4.#. 

§m£Ċ¾  ćÿ½ ¾z ā½vĀĉ¹ ÈÉĀ~ ÛĀýpH ûĀĊÆõĀùvĀýwý 

üĊz pH  wă ûĀĊÆõĀùvĀýwý×w´õ¿v  ½v¹wþÞù ãĒ¤·v ć½wùj

)¢Åv āºÉ āºăwÊù  óÿº«$/ ½¹ ĈýĀĊÆõĀùv ¾ă #pH 

ĄzĊĂþ ÈĉvÀåv ôĊõ¹ Ăz ¾¤ÊĊz ć½vºĉw~ ÿ ¡w{§ ćv½v¹ ¹Ā· ć

 ûj ½¹ w£¿ ôĊÆýw¤~pH ¢Åv  ¢´£ w£¿ ôĊÆýw¤~ v¾ĉ¿§m£Ċ¾ 

pH  ¾ĊĊâ£ùĈºþí  ûv½wîúă ÿ ¾Úþù ÇĀ·$,.4,# ½¹ )

$ ûv½wîúă ÿ ĈæÅĀĉ ¡vºăwÊù,.4, ½¹ Ăí ºý¹¾í ûwĊz I #

 wz ûĀĊÆõĀùvpH   ¾zv¾z3 ¹vºÞ£ Iā¾Öéwă wz ćā¿vºývć  Àĉ½

 wz ûĀĊÆõĀùv ½¹ wùv ºÉ āºĉ¹ ć¾¤ÊĊzpH   ¾zv¾z0*. I

ā¾Öéwă üáÿ½ ćĂöÍwåwz øív¾¤ù ¾Ċá ôîÉ Ăz ÿ ¾¤ÊĊz ć

 Ăí ºþ¤Év¹ ½v¾é øă ¿vĂzówú¤³v  ¹wĉ¿ûwÊýāºþă¹ ć§m£Ċ¾ 

pH   ûĀĊÆõĀùv ½¹ àúÍ ½w¤å½ ÿ ½w¤·wÅ ½¹ ¾ĊĊâ£ ¾z

¢Åv) 

§m£Ċ¾  Āýwý ć½vºĉw~ ¾z ā½vĀĉ¹ ÛĀýÆõĀùvĊûĀwă 

 ûĀĊÆõĀùv ĈĉwývĀ£ IûĀĊÆõĀùv ć½vºĉw~ ĈÅ½¾z ćv¾z

 ½¹ ìĊîæ£ ºÍ½¹ ÿ Ĉñºþþíûjwă  ºÉ ĈÅ½¾z$ óÿº«/# )

§m£Ċ¾  ºÍ½¹ ćÿ½ ¾z ā½vĀĉ¹ ÛĀý ìĊîæ£ ĈÅ½¾z ½¹

 ¿v Ä~ ûĀĊÆõĀùv ć½vºĉw~-/  I¢ÝwÅđĉĂv ćđwz ½¹ äí ć

 ć½vºĉw~ )ºĉ¹¾ñ āºăwÊù ûĀĊÆõĀùvÆõĀùvĊûĀwă  Ă«Ā£ wz

 ½¹ ìĊîæ£ ºÍ½¹ üĉ¾¤ÊĊz Ăí ¹Āz ¡ÿwæ¤ù ā½vĀĉ¹ ÛĀý Ăz

 Ăùÿºé ½¹ üĉ¾¤úí ÿ ûv¿Ā¤Ċí ÈÉĀ~ wz ûĀĊÆõĀùvĀýwý

 ½¹ Ĉñºþþí äí Ăí ĈþÞù üĉv Ăz IºÉ āºăwÊù ć¿v¾ĊÉ

 ªĉw¤ý )¹Āz ¾¤ÊĊz ûv¿Ā¤ĊíĂz¢Å¹āºùj  āwò¤Å¹ ¿vDLS 

 Ăùÿºé àúÍ ćÿw³ ûĀĊÆõĀùvĀýwý Ăí ¹v¹ ûwÊý ÀĊý

v¹ ć¿v¾ĊÉ Ă¬Ċ¤ý ½¹ ÿ ¹Āz ć¾¤ÊĊz ćw£¿ ôĊÆýw¤~ ćv½

 wz Ăí ¹½v¹ ûv¿Ā¤Ċí Ăz ¢{Æý ć¾¤ÊĊz ć½vºĉw~w¤ýĉª 

 )¹½v¹ ¢êzwÖù ÀĊý Çÿ½ üĉv ¿v ôÍw³Ăzöí½ĀÕ ĈàúÍwă I

óĀîõĀùwă ćxj¤Åÿ¹ ĈùĈºþÉwz  y«Āù ûwÉ½ĀÒ³ Ăí

 ûĀùv¾Ċ~ Ă¤ÅĀĊ~ Ĉzj ćwÒå ÈĉvÀåvā¾Öéwă āºþív¾~ ¿wå ć

ùĈ¹ĀÉ üĉv ¢Ċ{¨£ wz ÿ  Ăî{É ½¹ wÒåóÁºþýwù  ¹w¬ĉv wz

 ¢Ý¾Å IĈĉwÒå ¢ÞýwúùĂùw·v ÿ Èăwí v½ ûºÉ ć

wĄý½¹ĉ¢  ÈĉvÀåv v½ ûĀĊÆõĀùv ć½vºĉw~ùĈºþă¹  ðýjĀă$

 ûv½wîúă ÿ-++,)# 
§m£Ċ¾ Ĉñºþþí ûĀĊÆõĀùv ĈĉwývĀ£ ¾z ā½vĀĉ¹ ÛĀý 

 ÿ¹ ¿v ¾¤ÊĊz ć¿v¾ĊÉ Ăùÿºé Ĉñºþþí ûĀĊÆõĀùv ĈĉwývĀ£

 ºÍ½¹ Çÿ½ ¿v ôÍw³ ªĉw¤ý wz Ăí ¹Āz ¾òĉ¹ ÈÉĀ~

 ÿ ¢Év¹ ¢êzwÖù ìĊîæ£m£Ċĉº ûĀù¿j üĉv ¢´Í ćv¾z ć

¹Āz) 
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 óÿº«/( äö¤¸ù ćwă ÈÉĀ~ wz wă ûĀĊÆõĀùvĀýwý ćwă ĈñÂĉÿ 

 ½wúĊ£ $,  w£.  Ăz)#ºÉwz Ĉù ÿ¹¾ă yĊí¾£ ÿ ûv¿Ā¤Ċí Ić¿v¾ĊÉ Ăùÿºé ÈÉĀ~ Ăz ÓĀz¾ù yĊ£¾£ 
Table 4- Characteristics of nano-emulsions with different coatings 

 (Treatment 1 to 3, respectively, is related to nano-emulsions with Allysum homolocarpum and chitosan and mix coatings) 
Separation 

(%) 
Emulsification 

efficiency 
PH Brix Viscosity Treatment 

c2/03±0/04 
 

          a0/03ϻ90/03 a6/43±0/00 a15 a158/45±0/05 1 

b3/43±0/05 

 

b±0/1186/13   b4/26±0/00 a15 c120/71±0/19   2 

a±0/048/47 c80/06±0/05 c4/19±0/01 a15 b138/66±0/05 3 
Each value in the table represents the mean ± standard deviation of triplicate analysis. Different superscripts within the 

same line represent significant difference at P<0.05. 
 

 ĈýwÉĀ~Àĉ½ ûwùºýv½ ¾z ā½vĀĉ¹ ¡w{Ċí¾£ ¾Ċ§m£ ĈÅ½¾z

$EE# 

 ć¹wú¬ýv üí ìÊ· ĂöĊÅÿ Ăz ½Āí¼ù ćwă ûĀĊÆõĀùvĀýwý

 )ºýºĉ¹¾ñ ìÊ· āºÉ ā¹v¹ ²ĊÑĀ£ Çÿ½ è{Õ Ä Å

 ôÍw³ ªĉw¤ý )ºĉ¹¾ñ Ă{Åw´ù wă ûj ĈýwÉĀ~Àĉ½ ûwùºýv½

 ĈýwÉĀ~Àĉ½ ûwùºýv½ üĊòýwĊù Äýwĉ½vÿ ĂĉÀ¬£ ¿v

ĂýĀúýwă ¿v ôÍw³ ćìÊ·üí  óÿº« ½¹ Ăí ć¹wú¬ýv. 

 ¡ÿwæ£ ¿v Ĉíw³ ¢Åv āºÉ ā¹v¹ ûwÊýþÞùĈ½v¹ $+0*+P<# 

 üĊz ĈýwÉĀ~Àĉ½ ûwùºýv½ĂýĀúýwă )¢Åv 

EE ĂýĀúýwă  üĊz43*+ϻ-,*34  w£.,*+ϻ/1*40  ºÍ½¹

 wz ĈýwÉĀ~Àĉ½Āýwý ćv¾z ĈýwÉĀ~Àĉ½ ûwùºýv½ )¹Āz ¾Ċâ¤ù

 ÈÉĀ~ wz ĈýwÉĀ~Àĉ½Āýwý Ić¿v¾ĊÉ Ăùÿºé ÈÉĀ~

 ÿ ûv¿Ā¤Ċí Ăùÿºé Ĉ{Ċí¾£ ÈÉĀ~ wz ĈýwÉĀ~Àĉ½Āýwý

 wz ¾zv¾z yĊ£¾£ Ăz ûv¿Ā¤Ċí*ć¿v¾ĊÉ.,*+ϻ/1*40 I

43*+ϻ-,*34   ÿ.4*+*1.ϻ*4,  Ĉîĉ )ºùj ¢Å¹ Ăz ºÍ½¹

 üĊõÿv ¿vÿĉñÂĈwă ĈýwÉĀ~Àĉ½ ºþĉj¾å ¹½Āù ½¹ Ăí Ĉĉ

 ½v¾é ¾ÚýºùùĈñĊ¹¾  û¹¾í ĈýwÉĀ~Àĉ½ ûwùºýv½ üĊĊÞ£

þĉj¾å û¹Āz ¾§où Ăz ĈÝĀý Ăz w£ ¢Åv ¢Ą« Ă¤å½ ½wîz º

 ĂĊĄ£½ĉÉĀ~ÀĊĂþwă  Āýwý ûwùºýv½ ¢êĊê³ ½¹ )¹¾z Ĉ~

 ûwÊý ĈýwÉĀ~Àĉ½ùĈºă¹  ï¾z ā½wÎÝ ¿v ½vºêù Ă¯ Ăí

 Āýwý ½¹ IĂ¤å½ ½wîz ĂĊõÿv ć ĂýĀ~ āwĊñ½ĉÉĀ~ÀĊĂþwă 

 ¿v Ĉîĉ Ăí Ĉĉw¬ýj ¿v )¢Åv āºÉ ć½v¼ñ½wzÿĉñÂĈwă ć

àúÍwă  wĄýj Ĉñºþ{Æ¯ ¢ĊÍw·ùĈºÉwz ½wÚ¤ýv IùĈ¹ÿ½ 

ĂýĀ~ āwĊñ ï¾z ā½wÎÝ Ăí Āýwý ûÿ½¹ ½¹ ā¹w¤åv ÷v¹ Ăz ć

 ûvĀþÝ Ăz øă wz ÿ¹ ¾ă I²ÖÅ ½¹ āºÉ ºýĀĊ~ ÿ ĂþĊÉĀ~Àĉ½

 )¹ĀÉ Ă¤å¾ñ ¾Úý ½¹ ĈýwÉĀ~Àĉ½ ûwùºýv½ ¡v½» ā¿vºýv

ÆõĀùvĀýwýĀĊ v½ āºÉ ĂĊĄ£ ćwăùĈ ½¹ ¡ÿwæ£ ôĊõ¹ ûvĀ£

 Āýwý ºÍ½¹½ĈýwÉĀ~Àĉ ¾Úý Ăz )¢Æýv¹ wăùĈ ¹wÞzv ºÅ½

ù ¾z ĈõĀþå ¡w{Ċí¾£ û¹v¹ ¢Å¹ ¿v ½¹ ĈúĄù Èêý ĈõĀîõĀ

 ½¹ ĈõĀîõĀù ½wÊ¤ýv wz øĊê¤Æù ôîÉ Ăz v¾ĉ¿ Iºý½v¹ āºĄÝ

 ½¹ āºÉ ĈýwÉĀ~Àĉ½ ¡w{Ċí¾£ Ĉöí ½ĀÕ Ăz )ºþ¤Æă Ów{£½v

ÆõĀùvûĀĊ ¡v½» wz Ĉĉwăì¯Āí¾£  Ăí ĈĉwĄýj wz ĂÆĉwêù ½¹

 ā¿vºývï½Àz¾£ Ĉéwz ¾¤Ąz Iºý½v¹ ćùĈ üĊúă Ăz ÿ ºþýwù

£ ¡v½» ¿v ¾£ ¢³v½ Ă¤Æă ¡w{Ċí¾£ yĊ£¾¢É½¹¾£ 

 ¾Ċ¸{£ ûĀĊÆõĀùvùĈ ûv½wîúă ÿ vÿw¤ýw¤Ċ£ĀÅ$ ºý¹¾ñ

-++0 )#Å½¾zĈ Ăí ¹v¹ ûwÊý ÀĊý üĊêê´ù ¾ĉwÅ ćwă

 wz ĈýwÉĀ~Àĉ½ ûwùºýv½ì¯Āí¾£  ûºÉā¿vºýv ¡v½» ć

 ÈĉvÀåv ûĀĊÆõĀùvùĈ$ ºzwĉ ûv½wîúă ÿ ćºĊÊú«-+-+ J

 ûv½wîúă ÿ èöÖù ĈĉĒÝ¾Ċù,.4/ J  ĀuÉ ÿ ï¾{þÅÿ½

,441)# ÆzĊ½wć ā¹v¹ ûwÊý ¡wÞõwÖù ¿ví Ăí ºývÈăw 

 ā¿vºýv¡v½» ÆõĀùvĊIûĀ ùĀúÝ ĂíPw vÀåv āºþă¹ ûwÊýĉÈ 

ûĀĊÆõĀùv ć½vºĉw~ ùĈºÉwzI z Øæ³ y«ĀùĊ¾¤Ê  ¹vĀù

ówÞå ùĈûv½wîúă ÿ ĀĊõ$ ¹ĀÉ-++, ÿ vÿw¤ýw¤Ċ£ĀÅ J

 ûv½wîúă-++0  ûv½wîúă ÿ ć¾æÞ« J-++3  ÿ ûwêă¹ ÿ

 ûv½wîúă,.42 ªĉw¤ý Ăz Ă«Ā£ wz ÿ çĀå ªĉw¤ý ºĊĉm£ ½¹ )#

 ¡v½» ā¿vºýv Üĉ¿Ā£ ÿ ā¿vºýv È¬þÅÆõĀùvĀýwýûĀĊ ½¹ wă

 IèĊê´£ üĉv Ić¿v¾ĊÉ Ăùÿºé ÈÉĀ~ wz ĈýwÉĀ~Àĉ½Āýwý

 ¡v½» ā¿vºýv Üĉ¿Ā£ ÿ ā¿vºýv ćv½v¹ì¯Āí¾£  Ăz ¢{Æý



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(ć¿v¾ĊÉ Ăùÿºé ¹v¿j ā½wÎÝ wz  ĂýĀ~ āwĊñ ï¾z                  )))  /2 

 
 

 Ăùÿºé ÿ ûv¿Ā¤Ċí ÈÉĀ~ wz ćwă ĈýwÉĀ~Àĉ½Āýwý

ć¿v¾ĊÉ(  ĈýwÉĀ~Àĉ½ ûwùºýv½ ºÍ½¹ Ăí ¹Āz ûv¿Ā¤Ċí

 )¢Év¹ ¾òĉ¹ ĈýwÉĀ~Àĉ½ Āýwý ÿ¹ Ăz ¢{Æý ÀĊý ć¾£đwz 

 ï¾z ¹v¿j ÿ āºÉ ĈýwÉĀ~Àĉ½ Āýwý ā½wÎÝ ¾§v ĈÅ½¾z

wĉĀÅ üáÿ½ ĈÊĉwÆív ć½vºĉw~ ½¹ ĂýĀ~ āwĊñ 

ºĊÆív¾~ ¹ºÝ 

 ôîÉ4I  ºĊÆív¾~ ¹ºÝ ¡v¾ĊĊâ£ĂýĀúýwă ĈÕ äö¤¸ù ć

ā½ÿ¹ ûwÊý v½ Èĉwù¿j ćùĈºă¹ ć½wùj ÀĊõwýj ªĉw¤ý )

¹v¹ ûwÊý Ăí  ï¾z ā½wÎÝ ¢Úöá üĊþ°úă ÿ ā½vĀĉ¹ ÛĀý ¾§v

 ºĊÆív¾~ ¹ºÝ ûvÀĊù ¾z IĂýĀ~ āwĊñĂýĀúýwă þÞùĈ½v¹ 

ùĈºÉwz $+0*+p<.(  ÷wú£ ºĊÆív¾~ ¹ºÝ ĈÅ½¾z üĉv ½¹

ĂýĀúýwă  ½¹ ć½vºĄòý ûwù¿ ¡ºù ÈĉvÀåv wzCČ 10  Ăz

 ôĊîÊ£ ôĊõ¹ Ăz ºĊÆív¾~ ¹ºÝ ÈĉvÀåv )¢åwĉ ÈĉvÀåv ªĉ½º£

 ¡đĀÎ´ùõÿvĊĂ wăºĊÆív¾~ÿ½ºĊă ĈþÞĉ ûĀĊÅvºĊÆív ć

ùĈºÉwz ĂýĀúý ºĊÆív¾~ ½vºêù )ó¾¤þí  ¾¨ívº³ ûvÀĊù Ăz

++*12  ĈöĊùívĈûđvÿ  ¿v Ä~ üáÿ½ ÷¾ñĀöĊñ ½¹,3  ¿ÿ½

 ćv¾z ºĊÆív¾~ ½vºêù ¾òĉ¹ ćĀÅ ¿v )ºĊÅ½ ć½v¼ñ Ăýw¸ù¾ñ

ĂýĀúýwă ć0++  ÿ,+++  Ä~ ĂýĀ~ ¹v¿j ā½wÎÝ  ÷v Ĉ~ Ĉ~

 ¿v,3  wz ¾zv¾z yĊ£¾£ Ăz I¿ÿ½+2*01  ÿ++*02  ĈöĊù

ívĈûđvÿ  ºĊÆív¾~ ¹ºÝ üĊþ°úă )¹Āz üáÿ½ ÷¾ñĀöĊí ½¹

 ćv¾zĂýĀúýwă ćÿw³ Ăí Ĉĉ0++  ÿ,+++  ÷v Ĉ~ Ĉ~

 ÿ ûv¿Ā¤Ċí Ić¿v¾ĊÉ Ăùÿºé ÈÉĀ~ wz ĈýwÉĀ~Àĉ½Āýwý

 ûvÀĊù ¾¨ívº³ Ăz yĊ£¾£ Ăz I¹Āz Ĉ{Ċí¾£++*0/ I++*00 I
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                        Similar letters in each concentration indicate no significant difference (P> 0.05)   
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Figure 9- Peroxide number changes in samples during 18 days of incubation at 65 ° C 
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              Similar letters in each concentration indicate no significant difference (P> 0.05)                       
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Figure 10 - Changes in the number of thiobarbituric acid samples during 18 days of incubation at 65 ° C 
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Figure 11- Changes in the conjugate number of samples during 18 days of incubation at 65 ° C 

similar letters in each concentration indicate no significant difference (P> 0.05)    
 

 ĈõĀþå ¡w{Ċí¾£ Èĉwă½ 

 ĈýwÉĀ~Àĉ½ Āýwý ï¾z ā½wÎÝ ¿v ĈõĀþå ¡w{Ċí¾£ ½wÊ¤ýv

 ć½vºĄòý ĈÕ üáÿ½ Äîĉ¾£wù ½¹ āºÉ,3  ½¹ ā¿ÿ½CČ 

10  ¢Úöá ½¹ ĈõĀþå ôí ćvĀ¤´ù ć Ă{Åw´ù ¿v ā¹wæ¤Åv wz

0++  ¢ĊõwÞå üĉ¾¤ÊĊz üĊÊĊ~ ¡wÊĉwù¿j ĈÕ Ăí ÷v Ĉ~ Ĉ~

 I¢å¾ñ ½v¾é Ĉzwĉ¿½v ¹½Āù I¢Év¹ v½ ĈývºĊÆív Ĉ¤ýj ôîÉ

,-I  ûvÀĊù ¾z v½ ā½vĀĉ¹ ÛĀý ¾Ċ§m£ IÄýwĉ½vÿ ÀĊõwýj ªĉw¤ý

 Āýwý ĈõĀþå ¡w{Ċí¾£ Èĉwă½½ĉýwÉĀ~ÀĈwă  ÿþÞùĈ½v¹ 

ý$ ¹v¹ ûwÊ+0*+P<# Āýwý ½¹ )½ĉýwÉĀ~ÀĈwă ā½wÎÝ ć

 ²ÖÅ ¾Õw· Ăz Ĉ´ÖÅ ĈõĀþå ¡w{Ċí¾£ IĂýĀ~ āwĊñ ï¾z

 Āýwý ÜĊÅÿ Ãwú£½ĉýwÉĀ~ÀĈwă  Üĉ¾Å Èĉwă½ Ăz ¾¬þù

ùĈ ¿v Èĉwă½ ÿ ĈõĀþå ¡w{Ċí¾£ ½wÊ¤ýv ûj Ĉ~ ½¹ ÿ ºýĀÉ

 ¡½ĀÍ ¾úĊö~ Äîĉ¾£wùùĈñĊ¹¾ ¹Ā«Āù óĀþå ôí ½vºêù )

ćÿw³ ćwĉĀÅ üáÿ½ ½¹  ¢Úöá wz ĂýĀ~ ¹v¿j ā½wÎÝ0++ 

 ÷v Ĉ~ Ĉ~ óÿv ¿ÿ½ ½¹Ăýw¸ù¾ñ½v¼ñ ć,/*11  ÷v Ĉ~ Ĉ~

 ¿v Ä~ Ăí ¹Āz #÷¾ñĀöĊí ½¹ ÷¾ñ ĈöĊù$,3  Ăz ¿ÿ½.4*,2 

ùĊöĈ÷¾ñ  ½¹ ĈõÿÀý ¾ĊÅ ¾Õw· Ăz )ºĊÅ½ ÷¾ñĀöĊí ½¹

 IĈõĀþå ¡w{Ċí¾£ ûvÀĊùùĈûvĀ£  Ăí ¢å¾ñ Ă¬Ċ¤ý ĂýĀòþĉv

óĀþåwă ½¹ ĂýĀ~ āwĊñ ćCČ 10  ÇĀ¸¤Å¹ ÿ ā¹Ā{ý ½vºĉw~

 Ĉ£½v¾³ ĂĉÀ¬£āºÉºýv ĈýwĄñwý ûºÉ ¹v¿j üĊþ°úă )

 Āýwý ¿v ĈõĀþå ¡w{Ċí¾£½ĉýwÉĀ~ÀĈwă  v½ ĂĊõÿv ćwă¿ÿ½ ½¹

ùĈûvĀ£  ĂýĀ~ āwĊñ ¹v¿j ĈõĀþå ¡w{Ċí¾£ ½ĀÒ³ Ăz ÓĀz¾ù

 ²ÖÅ ½¹¹ĉā½vĀwă ºýÿ½ üĉv Ăí ¢Æýv¹ ówÎ£v ûÿºz I

)ºÉ ¾£ºþí ûwù¿ ¢É¼ñ wz ć¿wÅ¹v¿j  ûv½wîúă ÿ ĈĉvĀê£

$-+,/ Āýwý ûĀ¤ĉ¿ ï¾z ā½wÎÝ ćÿ½ ¾z ¹Ā· èĊê´£ ½¹ #

 üĉv yĊí¾£ ÿ üĉ¾¤Æí¹Ā¤õwù ÿ Ĉz¾Ý àúÍ wz ĈýwÉĀ~Àĉ½

 ¢{Æý Ăz ā½vĀĉ¹ ÿ¹,5,  ć¿wÅ½vºĉw~ ½¹ ¹v¿j ā½wÎÝ ÿ

 ½¹ wĉĀÅ üáÿ½ ĈÊĉwÆívCČ 00  ¡ºù Ăz-+  ĂÞõwÖù ¿ÿ½

 ā½wÎÝ ½¹ ¹Ā«Āù ĈõĀþå ¡w{Ċí¾£ Èĉwă½ ªĉw¤ý )ºý¹¾í

 ćwĉĀÅ üáÿ½ ć ĂýĀúý ½¹ Ăí ¹v¹ ûwÊý ûĀ¤ĉ¿ ï¾z

 ¿v ôí óĀþå ûvÀĊù IûĀ¤ĉ¿ ï¾z ¹v¿j ā½wÎÝ ćÿw³2+ 

ùĊöĈ÷¾ñ  Ăz Èĉwù¿j óÿv ¿ÿ½ ½¹ ÷¾ñĀöĊí ½¹1- 

ùĊöĈ÷¾ñ ăwí wĄýj )ºĊÅ½ Ĉýwĉw~ ¿ÿ½ ½¹ ÷¾ñĀöĊí ½¹ È

 ¡w{Ċí¾£ Ĉ£½v¾³ ĂĉÀ¬£ Ăz v½ ĈõĀþå ¡w{Ċí¾£ ½vºêù ½¹

 ½¹ ā½wÎÝ ĈõĀþåCČ 00 èĊê´£ üĉv ªĉw¤ý Ăí ºý¹v¹ ¢{Æý 

 ôîÉ$,-#  wĄýj ÈăÿÂ~ ªĉw¤ý wz ÀĊýøăývĀ· )¢Év¹ Ĉ

 ªĉw¤ý ÃwÅv¾zā¿vºývñĊ¾ Iôí óĀþå ûvÀĊù ć

ć¿v¾ĊÉ Ăùÿºé àúÍ ćÿw³ ćwă ĈýwÉĀ~Àĉ½Āýwý I

 Ĉ{Ċí¾£ ÿ ûv¿Ā¤ĊíĊ£¾£ Ăz y ¿v-0*.1 I//*-2  ÿ,0*./ 

 Ăz21*1. I1/*01  ÿ34*1/ ùĊöĈ÷¾ñ  )ºĊÅ½ ÷¾ñĀöĊí ½¹

-20.00000

0.00000

20.00000

40.00000

60.00000

80.00000

100.00000

̷ ̸ ̹ ̺ ͈ ͉ ͊ ̾ ̿ ̸̷̸ ̸̹ ̸͈ ̸͊ ̿

 
©
ÿ
¹
À
ù
 
û
v
 
ć
¹

$
¾
¤
Ċ
õ
 
½
¹
 
ó
Ā
ù
 
Ĉ
ö
Ċ
ù

# ûwù¿ $ć½v¼ñ Ăýw¸ù¾ñ ¿ÿ½#

TBHQ gh1000 gh500 ch500

ch1000 gh-ch500 gh-ch1000 500

1000 none



ûv¿Ā¤Ċí ÿ ć¿v¾ĊÉ Ăùÿºé Iûv¿Ā¤Ċí ćwă àúÍ wz āºÉ ĈýwÉĀ~Àĉ½Āýwý ā½wÎÝ ĈÊ¸z¾§v ĂÆĉwêù(ć¿v¾ĊÉ Ăùÿºé ¹v¿j ā½wÎÝ wz  ĂýĀ~ āwĊñ ï¾z                  )))  0, 

 
 

 ½¹ Ăí ½ĀÖýwúă ôîÉ1  Èĉwă½ I¢Åv āºÉ ā¹v¹ ûwÊý

 wz ÿ ¢Åv āºÉ ó¾¤þí üáÿ½ Äîĉ¾£wù ½¹ ĈõĀþå ¡w{Ċí¾£

 )ºÉ ¾¤ÊĊz Èĉwă½ üĉv ûwù¿ ¢É¼ñùĈûvĀ£  ¢å¾ñ Ă¬Ċ¤ý

 ĈõĀþå ¡w{Ċí¾£ āºÉ ó¾¤þí Èĉwă½ Ăz ½¹wé ĈýwÉĀ~Àĉ½ Ăí

 Ĉ£½v¾³ ĂĉÀ¬£ ¾zv¾z ½¹ wĄýj ¿v ¢Úåw´ù ÿ ĂýĀ~ āwĊñ ï¾z

 óĀÕ ½¹ù¾ñ¸Ăýw½v¼ñ ½¹ ćCČ 10  ªĉw¤ý üĉv )¢Åv āºÉ

Ç½vÀñ wz $ûv½wîúă ÿ ćºĊÊú«,.43ÿ #  ć½vºýwz ÿ wòþå

$-+,+)¹½v¹ ¢êzwÖù # 
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Figure 12 - Release of phenolic compounds during 18 days of incubation at 65 ° C 

Similar letters in each concentration indicate no significant difference (P> 0.05)    
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 óÿº«0(  ¾ĉ¹wêùL I*a  ÿ*b ĂýĀúýwă 
Table 5- The values of L, a* and b*  of samples 

*b *a L Samples 
c20.16 c4.47- a63.67 Encapsulated extract with Allysum homolocarpum 
c20.13 c4.42- a63.45 Encapsulated extract with chitosan 

c20.14 c4.39- a63.39 chitosanAllysum homolocarpum/Encapsulated extract with  

d18.92 d2.73- a63.76 Free extract 
a21.73 b4.71- a63.43 TBHQ 

b21.09 a4.88- a63.75  Blank 

Each value in the table represents the mean ± standard deviation of triplicate analysis. Different superscripts within the 

same line represent significant difference at P<0.05. 
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Figure 13 - Changes in the color index of soybean oil samples at 65 ° C for 18 days  

Similar letters in each concentration indicate no significant difference (P> 0.05) 
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Introduction:  Oxidation of lipids occurs during storage and processing of food products due to the 

presence of a significant number of double bonds, which in addition to reducing their nutritional 

quality, leads to the production of free radicals and hydroperoxides. These free radicals cause 

spontaneous oxidation and the production of undesirable chemical compounds, resulting in bad taste 

in food. The most important vegetable oil produced in the world is soybean oil Which has high 

unsaturated compounds and are Its oxidation probability is high. Today, plant extracts rich in 

antioxidants are used as a source of nutrients that are effective in reducing oxidative stress 

(Farahmandfar 1391). Mentha pulegium is a medicinal plant of the Labiatae family (Lamiaceae) that 

has antioxidant activity and we used extract of this plant which extracted by ultrasound in this study 

(Kamkar et al. 2010). One of the most widely used methods in food formulation to deliver the active 

ingredient like this extract to the target product is the use of emulsion-based delivery systems and the 

most common of them are nanoemulsion systems. In water / oil / water emulsions, two general 

mechanisms for the release of bioactive compounds occur: 1) Release through the internal connection 

between the internal aqueous phase droplets and the surface cells formed by the rupture of the 

membrane between the internal aqueous phase and the surface cell, 2) Release of soluble materials 

trapped in the internal aqueous phase through diffusion from the internal aqueous phase into the 

external aqueous phase without membrane rupture due to density difference (Magdassi and Garti 

1986). Therefore, when phenolic compounds are added to oils as natural antioxidants, controlling 

their release during storage, plays an important role in their antioxidant activity. The materials used 

for the encapsulation wall must be food grade, biodegradable and capable of forming a barrier 

between the internal phase and the environment. In this study, chitosan gum and Allysum 

homolocarpum seed were used as wall covering materials. There are several methods for micro-

coating food, and freeze-drying is one of the most common methods which was also used in this study 

because it causes less damage to the material than other techniques performed at higher temperatures, 

and mainly aroma, flavor and other nutrients remain unchanged. The main purpose of this research is 

to extract the extract of Mentha pulegium by ultrasound method and nano-encapsulation of this 

extract with chitosan and Allysum homolocarpum gum coatings (independently and in combination 
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with a ratio of 1: 1). when they are added to oils as natural antioxidants, controlling their release 

during storage, plays an important role in their antioxidant activity. Finally, we studied the effect of 

extract and encapsulated extract on oxidative stability in soybean oil 

Material and methods: In the first part of this study, the leaf extract of Mentha pulegium was 

extracted by ethanol-water solvent (50:50) using an ultrasonic probe at 2 and 40 ° C for 10 and 20 

minutes. The phenolic content of all extracts was measured by folin-ciocalteu method and their 

antioxidant activity was evaluated by DPPH free radical scavenging 

(50,100.300,400,500,600,700,800,1000 ppm) and oxidative stability tests using rancimat (500 ppm) 

and compared with TBHQ synthetic antioxidant (100 ppm). The initial water/oil emulsion (w/o) was 

prepared by mixing Mentha pulegium extract, emulsifier (Twin 80) and soybean oil in a ratio of 5: 

33: 62%, respectively. Then, to prepare the final water /oil / water emulsion (w/o/w), the initial 

emulsion was mixed with hydrated gum in a ratio of 75:25% (w/w). After that, mean particle size, 

polydispersity index (PDI) and zeta potential values of nanoemulsions by Dynamic Light Scattering 

and also pH, brix, EE (%) were measured. These nanoemulsions were dried by freezing dryer. In the 

next part of this study, nanocoated extracts and free extracts of Mentha pulegium leaves each at 

concentrations of 500 and 1000 ppm and synthetic antioxidant TBHQ at a concentration of 100 ppm 

were added to soybean oil. The control sample was considered soybean oil without antioxidants. The 

antioxidant effect of treatments in soybean oil was investigated at 65 ° C during 18 days of incubation 

by measuring peroxide (PV), thiobarbituric acid (TBA) and Conjugated diene value (CDV). Also, 

the release rate of phenolic compounds in oil and the color index of oil samples during incubation 

were measured. 

Results and discussion: The extract was selected at a temperature of 50 ° C and a time of 10 minutes 

due to the higher content of phenolic compounds and antioxidant activity to continue the experiments 

of this study. The results of analysis of variance showed that the effect of phenol concentration of 

extracts on inhibition of free radicals was significant with increasing concentration. The highest 

radical inhibition at a concentration of 500 ppm was related to the treatment of 10-50 with a 

percentage of inhibition of 86.01%. Particle size of nanoemulsions coated by Allysum homolocarpum, 

chitosan and Allysum homolocarpum/chitosan combination are 82.22, 156.30 and 107.50 nm, 

respectively. At the end of the incubation period, the control sample showed the highest number of 

peroxide, thiobarbituric acid and conjugated diene value. The oxidative stability of soybean oil 

containing encapsulated extract was higher than soybean oil containing free in all concentrations. The 

sample of oil containing encapsulated extract coated with Allysum homolocarpum/chitosan 

combination showed higher oxidation stability than chitosan and Allysum homolocarpum coatings 

alone which was not significantly different from synthetic antioxidant TBHQ (p <0.05). Encapsulated 

extract with the Combination coating had the highest release of phenolic compounds over time. The 

results of analysis of variance showed the effect of wall type on the release rate of phenolic 

compounds of nanoparticles and were significant (p <0.05).  

Conclusion: The oxidative stability of soybean oil containing encapsulated extract was higher than 

soybean oil containing free extract in all concentrations. The oil sample containing encapsulated 

extract coated with Allysum homolocarpum /chitosan combination coating had better oxidation 

stability than the others. At the end of the incubation period (18 days), the control sample showed the 

highest number of peroxides, thiobarbituric acid and conjugated diene, and nanocoating improved the 

antioxidant properties of Mentha pulegium leaf extract. Oxidative stability of soybean oil containing 

nano-coated extract was higher than soybean oil containing free Mentha pulegium extract in all 

concentrations. Increasing the concentration of Mentha pulegium extract more than 500 ppm caused 

the prooxidating properties of these compounds in soybean oil. Also, nanocoating of extract reduced 

the increasing trend of color index in soybean oil.  
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