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ĈÊăÿÂ~ Ăõwêù 

½ĉýwÉĀ~ÀĈ ¤Æă üáÿ½Ć ù àúÍ ¿v ā¹wæ¤Åv wz ½wývĊĀą ûw¤Æ Å  ÿ

¾¤Æí¹Ā¤õwùĉü ìÊ· Çÿ½ Ăz ÊÉw~ û¹¾íĈ 5 

ÿĉñÂĈ wăć åĊÀĉÉĀîĊúĊwĈĉ w~ ÿĉ½vºć ÆívĊ£vºĊĀ 
 

ć½wĊÉĀă ºú´ù,I ć¹wzj¹wúÝ Ĉ´¤å wÑ½ºú´ù-I Ĉ«Àĉ¹ Ĉí» üÆ³*. 

 

, )ć¾¤í¹ ćĀ¬Êýv¹ ĂĉÀ¬£ ĈúĊÉ āÿ¾ñI ÷ĀöÝ āºîÊýv¹I ¿vĀăv ûv¾ú¯ºĊĄÉ āwòÊýv¹ 

-) ¹w¤ÅvI ĂĉÀ¬£ ĈúĊÉ āÿ¾ñI ÷ĀöÝ āºîÊýv¹I ¿vĀăv ûv¾ú¯ºĊĄÉ āwòÊýv¹ 

.) ½wĊÊýv¹I āÿ¾ñ ĈÅºþĄù Iø¤ÆĊÅĀĊz āºîÊýv¹ Ić¿½ÿwÊí āwòÊýv¹ ºĊĄÉ ûv¾ú¯ ¿vĀăv 
 

 5ówÅ½v ¶ĉ½w£$-1*+2*,/+/5ć¾òý¿wz üĉ¾·j ¶ĉ½w£ I--*+3*,/+/ 5Ç¾ĉ¼~ ¶ĉ½w£ I-0*+3*,/+/# 
 

ºĊî¯ā 

Ĉ¤ýj ¢ĊõwÞå ¹Ā«ÿ wz  üĊĉw~ ĈývºĊÆívĂ¤Æă ¤Æă üáÿ½ I½wýv ćwăĆ  ½wýv)PSO (Ĉ¤ýj ¢ĊõwÞå  ĈývºĊÆívć¹wĉ¿ ½wĊÆz ¹½v¹  wùv

¢Åv ½vºĉw~wý )ìÊ· ¿v ĂÞõwÖù üĉv ½¹  ĈýwÉĀ~Àĉ½ ćv¾z ĈÊÉw~ üíPSO  ûw¤Æ Å āĀĊù àúÍ wz)(CFG  üĉ¾¤Æí¹Ā¤õwù ÿ

ù ćwÑwê£ ÈĉvÀåv Ăz ¶Åw~ ½¹ )ºÉ ā¹wæ¤Åvã¾Î yÆ¯¾z wz Ĉĉv¼á ¡đĀÎ´ù ćv¾z ûwñºþþí ÀĊú£ ćwăI ā½vĀĉ¹  ÿ ĈÞĊ{Õ ćwă

ºÉ Ă¤å¾ñ½wí Ăz üúĉv) ½ĀÚþù üĉv ćv¾z ûĀĊÆõĀùv  ºùw« ôí ćvĀ¤´ù wz Ĉĉwă)TSC( -+  ºÍ½¹ ¢{Æý wzPSO ā½vĀĉ¹ ¹vĀù Ăz  ćv

,5/ óĀö´ù )ºýºÉ ĂĊĄ£  ôùwÉ üĉ¾¤Æí¹Ā¤õwù ćwă+ I. I1 ÿ 4 Å āĀĊù àúÍ Ĉý¿ÿ ºÍ½¹ ûw¤Æ )CFG( )ºý¹Āz ûĀĊÆõĀùv wă I

Ăùw· Ì·wÉ Ĉzwĉ¿½v ¿v Ä~ ûºÉ ćv  ÿĂ¤ĉ¿ĀîÆĉÿ IìÊ· ¿v ā¹wæ¤Åv wz  üí ĈÊÉw~ ûwÊý ªĉw¤ý )ºýºÉ ôĉº{£ óĀÆ íÿ¾îĊù Ăz

óĀÆ íÿ¾îĊù Ăí ¹v¹ ĂĊĄ£ ćwă  ¢{Æý wz āºÉ1 ºÍ½¹ CFG ĂõĀÆ í ûwùºýv½ üĉ¾£đwz $ ć¿wÅ,,*33  ºÍ½¹ I#ì¯Āí  ā¿vºýv üĉ¾£

 ¡v½»$ɛm,*,-/ I#üĉ¾¤ÊĊz  Ĉõwò¯ā¹Ā£ $g/cm
3 .3*+I# ºþ¤Év¹ v½ ĀĊ£vºĊÆív ć½vºĉw~ üĉ¾£đwz ÿ ¢ĉÿ¾í üĉ¾£đwz) vĉü  ĂÞõwÖù

¹v¹ ûwÊý Å ¿v ā¹wæ¤Åv wz ĂíĊø¤Æ ĂõĀÆ íÿ¾îĊù ëw~ ć¿wÅ, $CLĈù #  üĉv Ăz ÿ ¹v¹ ā¹ÿÀåv Ç¿½v ½wýv ć½ÿj¾å ¡wÞĉwÑ Ăz ûvĀ£

¿v ā¹wæ¤Åv ćv¾z ć½vºĉw~ Çÿ½ èĉ¾Õ üúĉv ÿ ºĊĉm£ ¹½Āù ĈùĀz ÿ ĈÞĊ{Õ ¹vĀù- $GRAS ć¾§où ½wîăv½ ÿ Ĉĉv¼á ¢ÞþÍ ½¹ #

Ăz  ĀĊ£vºĊÆív ć½vºĉw~ ôîÊù ô³ ½ĀÚþùPSO )¹v¹ Ătv½v 
 

Ávÿûwñ  5ćºĊöí½wýv Ă¤Æă üáÿ½I ûw¤Æ Å āĀĊù àúÍI yÆ¯¾z ëw~I ìÊ· ĈÊÉw~ û¹¾íI ĀĊ£vºĊÆív ć½vºĉw~) 

                                                                                                                                                                     
*  ȻǼȺȆɅɀȹüɀǞȆȵ:  hzakid@scu.ac.ir 

1. Clean label 

2. Generally Recognized as Safe 

mailto:hzakid@scu.ac.ir


 
  ,13         ć½ÿwþå ĂùwþöÎå  ā½ÿ¹ Iv¼á ¢ÞþÍ ½¹ ºĉº« ćwă,. ā½wúÉ I- Iûw¤Æù¿ ,/+/ 
 

, )Ăùºêù 

½wývI wz ĈúöÝ ÷wý  Punica granatum L I ĈÆĊöòýv ûwz¿ ½¹

pomegranate Ĉù āºĊùwý ¿v Ăí¹ĀÉ  ÿ¹Ávÿą üĊ£đ pomum 

Ăz  ĈþÞù<yĊÅ;  ÿgranatus Ăz  ĈþÞù<Ăýv¹ ½v¹;  āºÉ Ă¤å¾ñ

¢Åv ÿ ¹½v¹ ā½wÉv ûj ¾ăwÙ ĂzJ Ăýv¹ yĊÅ ìĉ ĂĊ{É v¾ĉ¿  ½v¹

¢Åv)  üĉv ½ÿwz ¹½v¹ ¹Ā«ÿ IćÀí¾ù ćwĊÅj ½wýv ĈöÍv mÊþù Ăí

Ăz È¸z āÂĉÿ ĉwă ûwĄ« Ówêý ¾ĉwÅ Ăz w¬ýj ¿v ÿ ā¹Āz ûv¾ĉv ¿v Ĉ

 ¢Åv Ă¤åwĉ Ç¾¤Æñ8,[)  ¹ÿº³ øĄÅ wz ºþă/+"ï½Àz I ¾£ĉü 

õĀ£Ċāºþþíº ýwĄ«Ĉ ¢Åv ½wýv) vĉûv¾  ¹ÿº³ øĄÅ wz,0"I  ½¹

Ă{£½ ÷ĀÅ ¯ ¿v Ä~Ċü ¹½v¹ ½v¾é 8-[)  Ă¯¾ñvĂ¤Æă wăć  ½wýv

õwÞåĊ¢ ¤ýjĈ ÆívĊývºĈ w~ĊĉþĈ  üáÿ½ Iºý½v¹¤ÆăĆ ½wýv,
(PSO)  

 ¿võwÞåĊ¢ ¤ýjĈ ÆívĊývºĈ đwzĈĉ ¢Åv ½v¹½Ā·¾zJ Ăz ĂýĀñ  Ăí ćv

ýw¤ĉª ĉì õwÞå Ăí ¹v¹ ûwÊý ÈăÿÂ~Ċ¢ ¤ýjĈ ÆívĊývºĈ  üáÿ½

¤ÆăĆ ½wýv ´ÖÅĈ w¯ ĂzwÊùć À{Å  ¹½v¹8.[) Ăýv¹ wăć  ½wýv

ÿw³ć ,-  w£-+"  ¿v ½wÉ¾Å ÿ #ìÊ· û¿ÿ ÃwÅv ¾z$ üáÿ½

í¾£Ċ¡w{ ¿ĉ¢Æ IówÞå ºþýwù ÅvĊº ýĀ~ĊÆĊì-I óÿ¾åĀíĀ£  Iwă

óĀþå óÿ¾¤Åv Iwă tĀþ£ÿ½wí ÿ wăĊIwăº v ¹Ā«ÿ Jºþ¤Æăĉü 

í¾£Ċ¡w{ õwÞå ¦ÝwzĊ¢ ¤ýjĈ ÆívĊývºĈ ôzwé Ą«Ā£Ĉ  üáÿ½ ½¹

ù ½wýv Ă¤ÆăĈ ¹ĀÉ 8/[ )v¾zwþzĉIü  ËvĀ· Ăz Ă«Ā£ wzPSO  ÿ

¹wêùĉ¾ ¿ĉ¹w ăĂ¤Æ wă ćõĀ£ĊºĂz āºÉ {ýw« óĀÎ´ù ûvĀþÝĈ  ¿v

õĀ£Ċº ù xjĊāĀ ù Iā¾¤ýwÆþí ÿĈ ûvĀ£I Ăz w«ć  üå¹ĉw  ā¹wæ¤Åv

Ăz ÷v¹ ëv½Ā· ûvĀþÝI wă¹¾z½wíć ¾¤Ązć v¾zć ûj ~ wăĊvº  )¹¾í

 ¿v ā¹wæ¤Åv ÿ üáÿ½ ©v¾¸¤Åvûj wþÍ ½¹ĉÜ v¼áĈĉ ÿ½v¹ ÿ Ĉĉ

Ĉîĉ Ăýv¹ üĉv ¿v ā¹wæ¤Åv ¹½vĀù ¿v wă )¢Åv ÿºåć  ½¹ ûv½wîúă ÿ

Å½¾zĈ -0 ĂýĀñ ½wývI êÖþù ÿ¹ ¿vĆ v äö¤¸ùĉûv¾I  Ç½vÀñ

ă üáÿ½ Ăí ºý¹¾íÆ¹wêù ½wýv Ă¤ĉ¾ đwzĈĉ ÅvĊwăºć  x¾¯

áĊIÛw{Év¾ Ăz ÿĉāÂ ÅvĊº õĊþõĀþĊì. $1*31( 3*.,"# Åv ÿĊº 

õĊuõĀþĊì/ $/*-/( 2*+" ¹½v¹ #80[v ¹Ā«ÿ )ĉü ÅvĊwăºć 

~ wz x¾¯ĊºýĀćwă öÍv ¢öÝ IĂýwñÿ¹Ĉ w~wýĉ½vºć ÆívĊ£vºĊĀ  đwz

 ¹wÆå ÿ¤Æă üáÿ½Ć ù xĀÆ´ù ½wývĈ ¹ĀÉ  Ă¬Ċ¤ý ½¹ ÿ¹wæ¤Åvą 

                                                                                 
1. Pomegranate seed oil 
2. punicic acid 
3. linolenic acid 

4. linoleic acid 

¤Æă üáÿ½ øĊê¤ÆùĆ  Ĉĉv¼á ¡đĀÎ´ù ½¹ ½wýv v½ ¹ÿº´ù

Ĉù ºþí )ĉîĈ ï½Àz ¿v ¾£ĉü ̄Èõw wă ćÿ½ ÈĊ~ ć Iv¼á ¢ÞþÍ

¾Å ¹wÆåĉÜ v¼á¹vĀùĂz Ĉĉ ¢öÝ w~wýĉ½vºć ÆívĊ£vºĊĀđwz ¢ÅvJ 

ºzĉĄĈ v Ăí ¢Åvĉü ¹¾¤Æñ ãĒ£v Ăz ¾¬þù ôîÊùą  ¹vĀù

v¼áĈĉ ¿ ÿĉûw õwùĈ ôzwé Ą«Ā£Ĉ ù ûwĄ« ¾Åv¾Å ½¹Ĉ ¹ĀÉ 81[ )

½ Iw¤Åv½ üĉv ½¹ĉýwÉĀ~ÀĈ Ăz  ¾§où Çÿ½ ûvĀþÝć v¾zć  ¾z Ă{öá

vĉü ù Ă¤å¾ñ ¾Úý ½¹ ôîÊùĈ ¹ĀÉ 82[) ½ĉýwÉĀ~ÀĈ0  ĈÉÿ½

¿vºýv Üĉ¿Ā£ wz Ĉ£v½» ºĊõĀ£ ćv¾zą ɛm ,  w£0+++  Ăí ¢Åv

ù ûj ĈÕā¹w Ă¤Æă$ #1  ¹vĀù ¿v Ă¤ÅĀĊ~ Äĉ¾£wù ìĉ ûÿ½¹

#ā½vĀĉ¹$ ć¾úĊö~2 Ĉù Ă¤·vºýv ÷v¹ Ăz  Ôĉv¾É ¾zv¾z ½¹ w£ ¹ĀÉ

 ¹ĀÉ ¢Úåw³ ĈÖĊ´ù xĀöÖùwý83[) ìÊ· ÊÉw~ û¹¾íĈ3 

ĉîĈ Çÿ½ ¿v wăć ½ĉýwÉĀ~ÀĈ  IóĀö´ù ûj ½¹ Ăí ¢Åv

ÆõĀùvĊûĀ ĉw Æýw ÅĀÅĊûĀ ¾« ½¹ ÈÉw~ wzĉûw  ßv¹ ¿wñ

º{£ ½¹Ā~ Ăz #vĀă MđĀúÞù$ĉô ùĈ ¹ĀÉ 84[)  ćv¾z Çÿ½ üĉv

üáÿ½ ĈýwÉĀ~Àĉ½ ìÊ· ¿v ¾£ºùj½wí wă  ÿ ā¹Āz ć¹wú¬ýv û¹¾í

þĉÀăĆ  ûj.+  w£0+ ¢Åv ¾¤úí ¾zv¾z 8,+[)  Ĉĉv¼á ÜĉwþÍ

ï½Àz ìÊ· ć½ÿwþå ûv¾z½wí üĉ¾£  ºþ¤Æă ĈÊÉw~ û¹¾í

8,,[)  xw¸¤ýv½vĀĉ¹ą ½¹ yÅwþù  Èýv¹ Ăz ĈýwÉĀ~Àĉ½

ā¹¾¤Æñ ćv  ½¹þĊù¿Ć ¢Æĉ¿ ÿ ĈúĊÉ I¹vĀù ÷ĀöÝ  ¿wĊý ĈÅwþÉ

¹½v¹)  ÿ¹ yĊí¾£¹wùą ā½vĀĉ¹ Ĉù ćv  ûwùºýv½ ºývĀ£½ĉýwÉĀ~ÀĈ  ÿ

v½ ć½vºĉw~I ø¤ÆĊÅ Ăz ¢{Æý ì£ ćwă ā½vĀĉ¹I  ºÊ¸z ¹Ā{Ąz

8,-[ )üĉ¾¤Æí¹Ā¤õwù4 ā¹wù ûv¿½v ćv  Ă¤ÅwÊý ¿v Ăí ¢Åv ¢úĊé

Ăz Ĉù ¢Å¹ Ăz )ºĉj  ¢Úåw´ù ćđwz ¢Ċå¾Ù IĈ¨þ· øÞÕ ôĊõ¹

IûĀĊÅvºĊÆív ¾zv¾z½¹ Ĉýv¿½v  ½¹ üĊĉw~ Ă¤ĉ¿ĀîÆĉÿ ÿ

¢Úöá Iđwz ćwă ā¹¾¤Æñ ¹¾z½wí Ićv Ăz Ă¤ÅĀ~ ûvĀþÝI  ½¹

ìÊ·  ĈÊÉw~ û¹¾í¹½v¹ 8,.[) 

ûw¤Æ Å (Cordia myxa L.)
 ¢Åv Ĉ¤·½¹  ā¹vĀýw· ¿v ½vºöñ

ûwĊýwz¿ÿwñ (Boraginaceae) ĂúĊý Ĉ³vĀý ½¹ Ăí ¢Åv  ć¾ĊÆù¾ñ

È¸z ć¾ĊÆù¾ñ ÿ Ĉù ºÉ½ wêĉ¾åj ÿ wĊõv¾¤Åv IwĊÅj ¿v Ĉĉwă ºþí 

8,/[)  üĉv¢·½¹ Ăz Iûv¾ĉv xĀþ« ½¹  ĈÞĊ{Õ ¡½ĀÍ ºÉ½ ÿ

                                                                                 
5. Microencapsulation 
6. Core 
7. Wall 
8. Spray-drying 

9. Maltodextrin 



 
ºú´ù ć½wĊÉĀă  ÿ                           ûv½wîúă                         ½ĈýwÉĀ~Àĉ ù àúÍ ¿v ā¹wæ¤Åv wz ½wýv Ć¤Æă üáÿ½ąĀĊ ¾¤Æí¹Ā¤õwù ÿ ûw¤Æ Åüĉ)))              ,14  

 

Ă¤åwĉ Ç¾¤Æñ ¢Åv 8,0[) ¤¬³Ĉ ûv½wîúă ÿI ĂÞõwÖù ½¹ v Ăz ć

ĈÅ½¾z ö~Ĉ ½wíwÅĉº ©v¾¸¤Åv xj ½¹ óĀö´ù ù ¿v āºÉĊāĀ 

ûw¤Æ Å, ºþ¤·v¹¾~w¤ý )ĉª  ûwÊĉv ĆÞõwÖù ¹v¹ ûwÊý üĉv

ö~Ĉ ½wíwÅĉº wz ö~ÿ¾¤ă ½w¤·wÅĈ ½wíwÅĉºć  Mw£ºúÝ IÀíĀöñ ôùwÉ

¿Ā¤õwù I¿ÿ½wíwÅ I¿Ā¤íÿ¾å  ÿ½ĉ¿Ā{ )¢Åv āÿ¾ñ ¹Ā«ÿ wăć  ôùwÝ

ówÞåI ýwù ºþOH (  ÿC=OI õwÞå ¿ÿ¾z y«ĀùĊ¢ ¤ýjĈ ÆívĊývºĈ 

Āéć  ÿÍw·Ċ¢ ¤ýjĈ ¾¤íwzĉwĈĉ  ¾§où )ºÉ yĊí¾£ üĉv ½¹v ¾zĉü 

~ ûv¾òÊăÿÂ~ IÃwÅvĊ¹wĄþÊ ö~ Ăí ºý¹¾íĈ ½wíwÅĉº 

©v¾¸¤Åv ûw¤Æ Å āĀĊù ¿v āºÉ ùĈ ºývĀ£ Ăz í¾£ ûvĀþÝĊy {ÕĊÞĈ 

¤ýj ËvĀ· wzĈ ÆívĊývºĈ ¤ýj ÿĈ ¾¤íwzĉów wþÍ ½¹ĉÜ v¼áĈĉ  ÿ

ÿ½v¹Ĉĉ Ăz ¹ÿ½ ½wí 8,1[ĈÊăÿÂ~ ½¹ ) ¾òĉ¹ wĉ¹½Āí àúÍ 

Ăz Ăýv¹ ćv¾z Ĉív½Ā· ÈÉĀ~ ûvĀþÝ Ăz ©wí ćwă  ºÉ Ă¤å¾ñ ½wí

ĂíI  ¾zv¾z ½¹ ¢Úåw´ù ½¹ ć¾§où Èêý Ić½wñºýwù ÈĉvÀåv üúÑ

¹¾í wæĉv ÈĉwÆív 8,2[)  

ã¾Îù û½ºù ûwñºþþí  wăv¼á ûwăvĀ·ć½ÿj¾å ć āºÉ  ûÿºz

ý¹ÿÀåvĈ wă āºý½vºĄòý ÿ wăć ÝĀþÎùĈ ºþ¤Æă ±ĒÖÍv )

$ëw~ yÆ¯¾z#- v¾zć ÍĀ£Ċä þ¯Ċü đĀÎ´ùĈ£  ½wí Ăz

Ĉù  ¹ÿ½8,3[ ) 

ê´£ ãwîÉĊ£wêĈ ôzwé Ą«Ā£Ĉ {Õ ¹vĀù ¿v ā¹wæ¤Åv ½¹ĊÞĈ 

ù ½¹ ëw~ yÆ¯¾z wzĊĂõĀÆ íÿ¾î  û¹¾íPSO wă¹¾z½wí ½¹ć 

v¼áĈĉ «ÿ¹½v¹ ¹Ā )vĉü v¾z ¾ùvć wþÍĉÜ v¼áĈĉ úăv ¿vĊ¢ 

đwzĈĉ ¢Åv ½v¹½Ā·¾zJ ¿ĉv¾ ÜĉwþÍ üĉv v¾zć õĀ£Ċº £đĀÎ´ùĈ 

yÆ¯¾z wz wăć {Õ ÿ ëw~ĊÞĈ ¢´£ ã¾Îù ½wÊå āºþþí 

ºþ¤Æăûw¤Æ Å àúÍ ¿v ā¹wæ¤Åv wz ÈăÿÂ~ üĉv ½¹ )I  ĈùĀz Ăí

 ĂêÖþùI¢Åv üĉ¾¤Æí¹Ā¤õwù ÿI PSOI  ËvĀ· ĈÅ½¾z ¿v Ä~

úĊÉĀîĉÀĊåĂz ĈĉwĊ ìÊ· Çÿ½ )ºÉ ĂõĀÆ í ĈÊÉw~ üí 
 

-ù )Çÿ½ ÿ ¹vĀ wă 

-.,. ĊĄ£Ć  àúÍĀĊùą w¤Æ Åû. (CFG) 

ĀĊùą ½¹ Üévÿ ûw¤·½¹ ¿v ûw¤Æ Å ûw¤Å¿Ā· ûw¤ÅvI 

¿vĀăv ûw¤Å¾ĄÉI ½¹ Üévÿ ºîÊýv¹ą ć¿½ÿwÊí  ôÎå ÔÅvÿv ½¹

                                                                                 
1. Cordia myxa 
2. Clean label 

3. Cordia myxa fruit gum 

ûw¤Æzw£  )ºÉ ĂĊĄ£ĊĄ£ ćv¾zĆ CFG  ÿ üĊÆ³ Çÿ½ ¿v

 ûv½wîúă$-+-+ #Ċâ£ Ĉíºýv wzºÉ ā¹wæ¤Åv ¾ĊJ  ¡½ĀÍ üĉv Ăz

 ĂíùĊāĀ wăć  ûw¤Æ ÅÜú« ½ÿjć ÿ MĒùwí  Ă¤ÆÉÄ Å IºÉ 

 ¡ºù Ăz.  À~½w¸z ĂêĊé¹ ºÉ ć¾ĊñĀö« ĈúĉÀýj ¢ĊõwÞå ¿v w£

¹ĀÉIºÞz Ćö³¾ù ½¹ ) Ăýv¹ wă  ćv¾zĂz ¢Å¹ û¹½ÿj Ă¤ÉĀñ/ 

 ©½w· Ìõw· ºýºÉĂ¤ÉĀñ ÿ  ¡ºù Ăz1+  ¾Öêù xj wz ĂêĊé¹

 ¢{Æý Ăz.5, ºÉ ÓĀö¸ùĉv )ü  ÓĀö¸ùìúí wz  Ă¯½w~

üĊöÅĀù0 ¾¤öĊå Ä Å ÿ Àí¾ù ¿v Àĉ¾ñ ćÿ¾Ċý wzĬ g) ,++++# 

 ¡ºù Ăz.+  ĂêĊé¹ÁĀĊæĉ¾¤ýwÅ  ½¹ Ĉĉÿ½ ©Àõ Üĉwù )ºÉ

ìÊ· üí ć¹wú¬ýv $¿wÆĄz wÅ½¹I 02-DFRûv¾ĉv I#  ìÊ·

 IºÉĂz ¡½ĀÍ $ Àĉ½ ½¹Ā~1+ ¹wæ¤Åv w£ ÿ xwĊÅj #Èùą  ćºÞz

ĂÊĊÉ ½¹ ½¹ Ă¤Æz½¹ ćwă ½¹ wù¹ć CÁ /  ć½vºĄòý ów°¸ĉ

ºÉ 8,4[) 

 

-.-. ā¹wùj ¿wÅć ÆõĀùvĊûĀ wă 

ûĀĊÆõĀùv  wz wăºùw« ôí ćvĀ¤´ù1
 (TSC)  wz ¾zv¾z-+" 

Ĉý¿ÿ( Ĉú¬³ ºýºÉ ĂĊĄ£ óÿº«$ ,# ¢{Æý )PSO  ¹vĀù Ăz

ā½vĀĉ¹ ćv /:, ÿ ºÉ Ă¤å¾ñ ¾Úý ½¹ ¿v  ĂĊĄ£ ćv¾z ¾Öêù xj

ûĀĊÆõĀùv üáÿ½ ćÿw³ ćwă ¤ÆăĆ ½wýv $wí½j øí2I vĉûv¾#  ÿ

ā½vĀĉ¹ ¹vĀù )ºÉ ā¹wæ¤Åv ćv ´ùóĀö  ćwăüĉ¾¤Æí¹Ā¤õwù $-+ï

,3 6DEI ºĄÊöñI vĉûv¾#  ćÿw³+ I. I1  ÿ4" Ĉý¿ÿ  àúÍ ¿v
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4. Pulp 

5. muslin 
6. Total solids content 

7. Arka Chem 
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Table 1. Experimental treatments to encapsulation of PSO by MD and CFG 

Treatments                 Wall materials (g)                            Core materials (g) 

 CFG  Maltodextrin  PSO 

1 0 20 5 

2 3 17 5 

3 6 14 5 

4 9 11 5 
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4. Viscometer 
5. Spindle 

6. Moisture content 

7. Particle size 
8. Dynamic light scattering 

9. Malvern 
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1. Encapsulation efficiency percentage 
2. Total oil 
3. Surface oil 
4. Bulk density 
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5. Peroxide index 
6. Statistical analysis 

7. Duncanôs Multiple Range Test 
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Fig. 1. Effect of CFG concentration on the creaming index (CI) of PSO emulsions 
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Fig. 2. Effect of CFG concentration on the viscosity of PSO emulsions 
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Fig. 3. Effect of CFG concentration on the moisture content of PSO microcapsules  
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Fig. 4. Effect of CFG concentration on the particle size of PSO microcapsules  
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$ ôîÉ0# ¢Úöá ¾§vCFG   ¾zā¹Ā£ Ĉõwò¯ óĀÆ íÀĉ½ ćwă PSO 

Fig. 5. Effect of CFG concentration on the bulk density of PSO microcapsules  
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Fig. 6. SEM image of PSO microcapsules with wall materials of 6% CFG and MD at 15 K magnification  
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Fig. 7. Effect of CFG concentration on the encapsulation efficiency of PSO microcapsules 
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Fig. 8. Changes in peroxide value as an indicator of oxidative stability of PSO in free and encapsulated forms during 30 days of storage 
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Introduction:  Pomegranate (Punica granatum L.) is the oldest sacred fruit, known as the "jewel of winter," and 

originated in India and Iran. It belongs to the Punicaceae family and is known locally as Anar. Pomegranate 

seeds are discarded in vast quantities by the fruit processing industry, polluting the environment. Given the 

valuable characteristics of pomegranate seed oil (PSO) and the enormous number of seeds produced as 

byproducts during juice and concentrate preparation, identifying more beneficial uses for these seeds is 

preferable to their disposal. Such application involves extracting oil from these seeds for use in the food 

industry. However, PSO's limited oxidative stability restricts its direct application in food products; therefore, 

encapsulation can be considered an effective strategy to overcome this limitation. Spray drying is a cheap, 

adaptable, flexible, reproducible, rapid encapsulation method that utilizes readily available equipment. 

Additionally, its short contact time (5ï30 seconds) at high temperatures makes it helpful in encapsulating heat-

sensitive materials like oils. There is a significant research gap in the use of natural and clean-label materials for 

the microencapsulation of PSO in food applications. This subject is of great importance to the food industries, as 

they face increasing consumer pressure to produce products with natural and clean labels. In this study, PSO 

was encapsulated using cordia fruit gum (CFG), a natural and indigenous material, and maltodextrin via spray 

drying, and its physicochemical and oxidative stability properties were investigated. 

Materials and methods: After extracting CFG from fresh fruits, emulsions with a total solids content (TSC) of 

20% (w/v) were prepared. The ratio of PSO to wall materials was considered 1:4. Maltodextrin (MD) solutions 

containing different amounts of CFG were prepared at concentrations of 0, 3, 6, and 9% by weight. The 

creaming index of the emulsions was measured. Then, microcapsules were produced by spray drying. To 

achieve the best formulation, various properties of the microcapsules, including moisture content, particle size, 

encapsulation efficiency, bulk density, peroxide value, and surface morphology, were evaluated using scanning 

electron microscopy (SEM). The mean differences among treatments were analyzed using one-way ANOVA, 

and significant differences were further evaluated by Duncanôs multiple range test. Statistical analyses were 

performed using SPSS software (version 27.0; IBM Corp., Armonk, NY, USA), with a significance level set at 

p < 0.05 

Results and discussion: With the highest encapsulation efficiency (88.11%), smallest particle size (124.1 µm), 

highest bulk density (0.38 g/cm³), greatest sphericity, and highest oxidative stability, the microcapsules made 

with 6% CFG were found to be the best in terms of quality. All of the microcapsules' moisture contents fell 

below the 4% threshold that is considered acceptable for dry powders in the food sector. 

Conclusions: In this study, spray drying was used to microencapsulate PSO using native CFG and MD. The 

formulation containing 6% CFG demonstrated the highest microencapsulation efficiency, the lowest surface oil 
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content, and the greatest improvement in oxidative stability. This approach represents a clean-label technology 

based on native materials for enhancing the stability of PSO in food applications. 
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