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Äîñë³äæåíî âïëèâ ñêëàäó ìîäèô³êîâàíèõ æèðîâèõ ñèñòåì íà ¿õ ñòàá³ëüí³ñòü äî

ðîçøàðóâàííÿ òà îêèñíåííÿ. Îñîáëèâ³ñòü ðîáîòè ïîëÿãàº ó âñòàíîâëåíí³ àï-

ðîêñèìàö³éíèõ ãðàô³÷íèõ òà ìàòåìàòè÷íèõ çàëåæíîñòåé ñòàá³ëüíîñò³ äî ðîçøàðó-

âàííÿ òà îêèñíîãî ïñóâàííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â³ä âì³ñòó òà ñï³ââ³äíî-

øåííÿ ñòðóêòóðîóòâîðþâà÷³â òà îë³éíèõ êîìïîíåíò³â. Îá’ºêòîì äîñë³äæåííÿ º

çàëåæí³ñòü ñòàá³ëüíîñò³ äî ðîçøàðóâàííÿ òà îêèñíåííÿ â³ä âì³ñòó òà ñï³ââ³äíî-

øåííÿ ñòðóêòóðîóòâîðþâà÷³â òà îë³éíèõ ñêëàäîâèõ. Äîâåäåíî ìîæëèâ³ñòü çíèæåí-

íÿ âì³ñòó ñòðóêòóðîóòâîðþâà÷³â â æèðîâ³é ñèñòåì³ îäíî÷àñíî çàáåçïå÷óþ÷è íåîá-

õ³äíèé ð³âåíü ñòàá³ëüíîñò³ äî ðîçøàðóâàííÿ. Çàïðîïîíîâàíî ñï³ââ³äíîøåííÿ ð³äêèõ

îë³é â ïðîäóêò³, ùî çíèæóº ïåðîêñèäíå ÷èñëî ï³ñëÿ ïðèñêîðåíîãî îêèñíåííÿ äî

7 ììîëü 1/2 Î/êã, ùî â 2,6 ðàçè ìåíøå çà òàêèé â êîíòðîëüíîìó çðàçêó. Îòðèìàí³

äàí³ ïîÿñíþþòüñÿ ï³äâèùåíîþ ñòàá³ëüí³ñòþ îë³éíèõ ñêëàäîâèõ ïðîäóêòó äî

îêèñëþâàëüíîãî ïñóâàííÿ çà ðàõóíîê îñîáëèâîñòåé æèðíîêèñëîòíîãî òà àíòè-

îêñèäàíòíîãî ñêëàäó. Äîâåäåíî åêîíîì³÷íó äîö³ëüí³ñòü âèðîáíèöòâà ñòàá³ëüíèõ

äî îêèñíåííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íà îñíîâ³ ð³äêèõ îë³é. Âàðò³ñòü òà-

êîãî ïðîäóêòó º â 9 ðàç³â íèæ÷îþ, í³æ ó êîìåðö³éíîãî àíàëîãó (ñòðóêòóðîâàíî¿

æèðîâî¿ ñèñòåìè íà áàç³ êîêîñîâî¿ îë³¿, ñòàá³ë³çîâàíî¿ åòèëöåëþëîçîþ). Îñîáëè-

â³ñòþ îòðèìàíèõ ðåçóëüòàò³â º ìîæëèâ³ñòü ïðîãíîçóâàííÿ òåðì³í³â ô³çèêî-õ³ì³÷íî¿

òà õ³ì³÷íî¿ ïðèäàòíîñò³ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íà áàç³ ñòàá³ëüíî¿ äî

îêèñíåííÿ ñèðîâèíè. Ç ïðàêòè÷íî¿ òî÷êè çîðó ðåçóëüòàòè äîñë³äæåíü äîçâîëÿþòü

ïðîâîäèòè ðîçðîáêó æèðîâèõ ñèñòåì ç óðàõóâàííÿì ÿê òåõíîëîã³÷íèõ, òàê ³ åêîíî-

ì³÷íèõ ïîòðåá. Ïðèêëàäíèì àñïåêòîì âèêîðèñòàííÿ íàóêîâîãî ðåçóëüòàòó º

ìîæëèâ³ñòü ðîçøèðåííÿ àñîðòèìåíòó êîíêóðåíòîçäàòíèõ ñòðóêòóðîâàíèõ æèðî-

âèõ ñèñòåì ï³äâèùåíîãî òåðì³íó çáåð³ãàííÿ.
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Âñòóï
Ïîòðåáà ð³çíèõ ãàëóçåé ïðîìèñëîâîñò³ ó ïëà-

ñòè÷íèõ æèðîâèõ ñèñòåìàõ òðàäèö³éíî çàäîâîëü-
íÿºòüñÿ çà ðàõóíîê ìîäèô³êàö³¿ îë³é ìåòîäàìè
ã³äðîãåí³çàö³¿, ïåðååòåðèô³êàö³¿, ôðàêö³þâàííÿ òà
êóïàæóâàííÿ [1]. Îäíàê êëàñè÷í³ ìåòîäè ìàþòü
ñóòòºâ³ îáìåæåííÿ. Çîêðåìà, ã³äðîãåí³çàö³ÿ, ùî
íàäàº áàæàíó òâåðä³ñòü ³ ñò³éê³ñòü, ïðèçâîäèòü äî
óòâîðåííÿ òðàíñ-³çîìåð³â æèðíèõ êèñëîò, ñïîëóê
ç äîâåäåíèì øê³äëèâèì âïëèâîì íà çäîðîâ’ÿ ëþ-
äèíè, ùî îáóìîâèëî æîðñòê³ çàêîíîäàâ÷³ îáìå-
æåííÿ ùîäî ¿õ âì³ñòó ó ïðîäóêòàõ [2]. ²íø³ ìåòî-
äè, òàê³ ÿê ôðàêö³þâàííÿ àáî ïåðååòåðèô³êàö³ÿ,
÷àñòî íå çàáåçïå÷óþòü íåîáõ³äíî¿ êîìá³íàö³¿
ñòðóêòóðè, ñò³éêîñò³ òà âàðòîñò³ [3,4].

Àëüòåðíàòèâîþ º ñòðóêòóðóâàííÿ ð³äêèõ
ðîñëèííèõ îë³é çà äîïîìîãîþ íèçüêîìîëåêóëÿð-
íèõ ãåëåóòâîðþâà÷³â ç îòðèìàííÿì îëåîãåë³â. Öÿ
òåõíîëîã³ÿ äîçâîëÿº ñòâîðþâàòè òâåðä³ ïëàñòè÷í³
ñèñòåìè áåç ââåäåííÿ òðàíñ-æèð³â òà ç³ çíèæåíèì
âì³ñòîì íàñè÷åíèõ æèðíèõ êèñëîò [5]. Îäíàê ïðî-
öåñ ¿õ îäåðæàííÿ ÷àñòî ïîòðåáóº âèñîêîòåìïåðà-
òóðíî¿ îáðîáêè, ùî ìîæå ³í³ö³þâàòè îêèñëþâàëü-
íå ïñóâàííÿ îë³éíî¿ ôàçè òà ïîã³ðøóâàòè ÿê³ñòü
ê³íöåâîãî ïðîäóêòó.

Çàçíà÷åíèõ íåäîë³ê³â ïîçáàâëåí³ îëåîãåë³ –
òâåðä³ äèñïåðñí³ ñèñòåìè, ùî óòâîðþþòü ïîñò-
³éíó îäíîð³äíó ñòðóêòóðó. Ïðè öüîìó â ïðîöåñ³
îäåðæàííÿ îëåîãåëåé º íåîáõ³äí³ñòü âèñîêîòåì-
ïåðàòóðíî¿ îáðîáêè, ùî ñïðèÿº ðîçâèòêó îêèñ-
íþâàëüíèõ ïðîöåñ³â òà ïîã³ðøóº ïîêàçíèêè ÿêîñò³
[6]. Îòæå, óäîñêîíàëåííÿ òàêî¿ òåõíîëîã³¿ äîçâî-
ëèòü ñòâîðèòè ñòðóêòóðîâàí³ æèðîâ³ ïðîäóêòè, ÿê³
ìàþòü íåîáõ³äí³ ôóíêö³îíàëüíî-òåõíîëîã³÷í³ âëà-
ñòèâîñò³ äëÿ âèêîðèñòàííÿ â æèðîâì³ñíèõ ïðî-
äóêòàõ òà ìîæóòü ñëóãóâàòè àëüòåðíàòèâíèì ïðî-
äóêòîì çàì³ñòü ³íøèõ âèä³â ìîäèô³êîâàíèõ æèð³â,
çîêðåìà ã³äðîãåí³çîâàíèõ. Òàêèì ÷èíîì, ç ìåòîþ
ðîçøèðåííÿ àñîðòèìåíòó ñèðîâèííèõ äæåðåë
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì îëåîãåë³â ç ð³çíè-
ìè òåõíîëîã³÷íèìè îñîáëèâîñòÿìè, çîêðåìà ñòà-
á³ëüíîñò³ äî îêèñëþâàëüíîãî ïñóâàííÿ º äîö³ëü-
íèì âèçíà÷åííÿ âïëèâó ñêëàäó îë³éíî¿ ñèðîâèíè
íà ¿õí³ òåõíîëîã³÷í³ âëàñòèâîñò³. Ðåçóëüòàòè
äîñë³äæåííÿ º âàæëèâèìè, îñê³ëüêè ³ñíóº ïîòðå-
áà ðîçøèðåííÿ äæåðåëà ïëàñòè÷íèõ æèð³â ç îä-
íî÷àñíèì çìåíøåííÿì âì³ñòó íàñè÷åíèõ ³
òðàíñ-æèð³â äëÿ ð³çíèõ ãàëóçåé ïðîìèñëîâîñò³.

Íàéá³ëüø äîñë³äæåíèìè ÿê ñòàá³ë³çàòîðè ãå-
ëåóòâîðåííÿ º ðîñëèíí³ âîñêè [7]. Îñíîâíèì
ïðèíöèïîì îòðèìàííÿ îëåîãåë³â º íàãð³âàííÿ îê-
ðåìèõ êîìïîíåíò³â äî òåìïåðàòóðè ïëàâëåííÿ
âîñêó (80–900Ñ) ç ïîäàëüøèì îõîëîäæåííÿì äëÿ
ôîðìóâàííÿ ñòðóêòóðè [8]. Ïåðåâàãîþ òàêîãî
ï³äõîäó º â³äíîñíî ùàäíà òåðì³÷íà îáðîáêà òà çáå-

ðåæåííÿ ïîêàçíèê³â âèõ³äíî¿ îë³¿. Îäíàê íåäî-
ë³êîì º âèñîêèé ñòóï³íü íàñè÷åíîñò³ ñàìèõ âîñê³â,
à òàêîæ òîé ôàêò, ùî ¿õíº ïåðîêñèäíå ÷èñëî
÷àñòî ³ñòîòíî âèùå, í³æ ó âèõ³äíî¿ îë³éíî¿ ñèðî-
âèíè, ùî íå ñïðèÿº çàãàëüí³é îêèñí³é ñòàá³ëü-
íîñò³ ñèñòåìè [9]. Êð³ì òîãî, çàëèøàºòüñÿ â³äêðè-
òèì ïèòàííÿ âïëèâó íà îðãàí³çì ëþäèíè çíà÷íèõ
ê³ëüêîñòåé öèõ íàñè÷åíèõ ñïîëóê ç âèñîêîþ
òåìïåðàòóðîþ ïëàâëåííÿ. Äîñë³äæåííÿ á³íàðíèõ
êîìá³íàö³é ð³çíèõ âîñê³â (ïàðàô³í, áäæîëèíèé,
ñîíÿøíèêîâèé, â³ñê ðèñîâèõ âèñ³âîê) ïîêàçàëè
ìîæëèâ³ñòü êîðåêö³¿ âëàñòèâîñòåé ãåëþ, çîêðåìà
÷åðåç ÿâèùà åâòåêòè÷íî¿ ïîâåä³íêè òà ñï³âêðèñòà-
ë³çàö³¿ [10]. Îäíàê ôóíäàìåíòàëüíà ïðîáëåìà –
âèñîêèé âì³ñò íàñè÷åíèõ êîìïîíåíò³â ó ñòðóêòóð³
– çàëèøàºòüñÿ íåâèð³øåíîþ. Âèçíà÷åíî, ùî
ì³öí³ñòü òà êîíñèñòåíö³ÿ òàêèõ îëåîãåë³â êðèòè-
÷íî çàëåæàòü â³ä ôðàêö³éíîãî ñêëàäó âîñêó:
âóãëåâîäí³ òà â³ëüí³ æèðí³ êèñëîòè ï³äâèùóþòü
ì³öí³ñòü, òîä³ ÿê á³ëüøà ê³ëüê³ñòü âîñêîâèõ åô³ð³â
ìîæå ïðèçâîäèòè äî óòâîðåííÿ êðèõêî¿ ñòðóêòó-
ðè ç âèñîêîþ ìåæåþ òåêó÷îñò³ [11].

Äîñë³äæåííÿ äåìîíñòðóþòü ïîòåíö³àë
îëåîãåë³â íà îñíîâ³ âîñê³â ÿê çàì³ííèê³â òâåðäèõ
æèð³â. Íàïðèêëàä, çàì³íà øîðòåí³íãó îëåîãåëåì
(ñîíÿøíèêîâà îë³ÿ, ñòðóêòóðîâàíà ã³äðîêñèïðî-
ï³ëìåòèëöåëþëîçîþ) ó ëèñòêîâîìó ò³ñò³ äîçâîëè-
ëà çìåíøèòè âì³ñò íàñè÷åíèõ æèð³â òà ïîêðàùè-
òè æèðíîêèñëîòíèé ïðîô³ëü ïðîäóêòó áåç ñóò-
òºâîãî ïîã³ðøåííÿ òåêñòóðíèõ õàðàêòåðèñòèê [6].
Àíàëîã³÷íî, îëåîãåëü ³ç ñîíÿøíèêîâî¿ îë³¿ òà áäæî-
ëèíîãî âîñêó äîñë³äæóâàâñÿ äëÿ çàñòîñóâàííÿ â
êîíäèòåðñüêèõ âèðîáàõ [12]. Îäíàê îñíîâíèì îá-
ìåæåííÿì òàêèõ ñèñòåì º íèçüêà îêèñíà
ñòàá³ëüí³ñòü, îñîáëèâî ïðè âèêîðèñòàíí³ îë³é ç
âèñîêèì âì³ñòîì ïîë³íåíàñè÷åíèõ æèðíèõ
êèñëîò (íàïðèêëàä, ñîíÿøíèêîâî¿) òà â óìîâàõ
âèñîêîòåìïåðàòóðíî¿ îáðîáêè, íåîáõ³äíî¿ ïðè âè-
ðîáíèöòâ³ áàãàòüîõ ïðîäóêò³â.

Íàéá³ëüø âèâ÷åíèì ïîë³ìåðíèì àãåíòîì º
åòèëöåëþëîçà (Å 462). Òåõíîëîã³ÿ ¿¿ çàñòîñóâàííÿ
âèìàãàº íàãð³âàííÿ îë³éíî¿ ñóñïåíç³¿ ïîë³ìåðó
âèùå òåìïåðàòóðè éîãî ñêëóâàííÿ (áëèçüêî 1400Ñ)
ç ïîäàëüøèì îõîëîäæåííÿì, ùî äîçâîëÿº
ôîðìóâàòè òðèâèì³ðíó ïîë³ìåðíó ìåðåæó [13].
Ì³öí³ñòü òà âëàñòèâîñò³ òàêîãî ãåëþ ìîæíà ðåãó-
ëþâàòè ìîëåêóëÿðíîþ ìàñîþ ïîë³ìåðó, éîãî
êîíöåíòðàö³ºþ, à òàêîæ øâèäê³ñòþ îõîëîäæåííÿ.
Íåçâàæàþ÷è íà âèñîê³ ñòðóêòóðîóòâîðþâàëüí³
çäàòíîñò³, êëþ÷îâèì íåäîë³êîì öüîãî ìåòîäó º
íåîáõ³äí³ñòü ³íòåíñèâíî¿ âèñîêîòåìïåðàòóðíî¿ îá-
ðîáêè, ùî íåìèíó÷å ³í³ö³þº òà ïðèñêîðþº
îêèñëþâàëüí³ ïðîöåñè â íåíàñè÷åí³é îë³éí³é ôàç³.
Ñïðîáè ï³äâèùèòè ñòàá³ëüí³ñòü øëÿõîì âèêî-
ðèñòàííÿ êóïàæ³â îë³é (íàïðèêëàä, êàíîëè, ñî-
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ºâî¿, ëëÿíî¿) òàêîæ íå º äîñòàòí³ì ð³øåííÿì,
îñê³ëüêè îë³¿ ë³íîëåíîâî¿ ãðóïè, ùî âõîäÿòü äî
òàêèõ êóïàæ³â, ñàì³ ïî ñîá³ âêðàé ñõèëüí³ äî
òåðìîîêèñíåííÿ [14].

Ïðîâîäÿòüñÿ äîñë³äæåííÿ ùîäî âèêîðèñòàí-
íÿ òàêèõ ñïîëóê, ÿê êåðàì³äè òà ô³òîñòåðèíè,
çäàòíèõ ôîðìóâàòè ñàìîîðãàí³çîâàí³ íèòêîïîä³áí³
ñòðóêòóðè çà ðàõóíîê ì³æìîëåêóëÿðíèõ âîäíåâèõ
çâ’ÿçê³â áåç âèñîêîòåìïåðàòóðíî¿ îáðîáêè [15].
Ïðîòå ¿õíÿ âèñîêà âàðò³ñòü íàðàç³ ñóòòºâî îáìå-
æóº ìîæëèâîñò³ ïðîìèñëîâîãî çàñòîñóâàííÿ,
îñîáëèâî ó õàð÷îâîìó ñåêòîð³.

Òàêèì ÷èíîì, àíàë³ç ë³òåðàòóðè âèÿâëÿº
ïåâíèé áðàê ñèñòåìàòè÷íèõ äàíèõ ùîäî âïëèâó
ñêëàäó îë³éíî¿ ñèðîâèíè íà ñòàá³ëüí³ñòü äî
îêèñíåííÿ ñòðóêòóðîâàíèõ îë³éíèõ ñèñòåì.
Â³äñóòí³ êîìïëåêñí³ äàí³ ùîäî âïëèâó æèðíî-
êèñëîòíîãî òà àíòèîêñèäàíòíîãî ïðîô³ëþ, à òà-
êîæ ô³çèêî-õ³ì³÷íèõ ïîêàçíèê³â îë³éíî¿ ñèðîâè-
íè íà ÿê³ñí³ ïîêàçíèêè îëåîãåë³â, îäåðæàíèõ ç
âèêîðèñòàííÿì ð³çíèõ ñòðóêòóðîóòâîðþâà÷³â.
Âàæëèâèì çàëèøàºòüñÿ âèçíà÷åííÿ ñóì³ñíîãî
âïëèâó êîìïîíåíò³â æèðîâî¿ ñèñòåìè (îë³ÿ, ãåëå-
óòâîðþâà÷, ìîæëèâ³ ñòàá³ë³çàòîðè) íà ¿¿ îêèñíó
ñòàá³ëüí³ñòü, îñîáëèâî â óìîâàõ òåõíîëîã³÷íèõ
ðåæèì³â, ùî ïåðåäáà÷àþòü âèñîêîòåìïåðàòóðíó
îáðîáêó. Îòæå, àêòóàëüíîþ º íåîáõ³äí³ñòü
ðîçðîáêè ñêëàä³â ìîäèô³êîâàíèõ æèðîâèõ ñèñòåì
òèïó îëåîãåë³â, ÿê³ ïîºäíóþòü íåîáõ³äí³ ôóíêö³-
îíàëüíî-òåõíîëîã³÷í³ âëàñòèâîñò³ (òâåðä³ñòü, ïëà-
ñòè÷í³ñòü, òåðìîñòàá³ëüí³ñòü) ç âèñîêîþ ñòàá³ëü-
í³ñòþ äî îêèñëþâàëüíîãî ïñóâàííÿ. Âèð³øåííÿ
äàíîãî ïèòàííÿ ïîòðåáóº ö³ëåñïðÿìîâàíîãî
äîñë³äæåííÿ âçàºìîçâ’ÿçêó ì³æ ñêëàäîì òà ÿê³ñòþ
îë³éíî¿ îñíîâè, òèïîì òà êîíöåíòðàö³ºþ ñòðóêòó-
ðîóòâîðþâà÷à òà ê³íöåâîþ îêèñíîþ ñòàá³ëüí³ñòþ
ñèñòåìè äëÿ ñòâîðåííÿ àëüòåðíàòèâ òðàäèö³éíèì
ïëàñòè÷íèì æèðàì.

Ìåòîþ äîñë³äæåííÿ º ðîçðîáêà ñêëàäó ñòà-
á³ëüíèõ äî îêèñíåííÿ ìîäèô³êîâàíèõ æèðîâèõ
ñèñòåì. Öå äàñòü çìîãó îòðèìóâàòè ñòðóêòóðîâàí³
æèðîâ³ ñèñòåìè, çîêðåìà, îëåîãåë³, ñòàá³ëüí³ äî
îêèñëþâàëüíîãî ïñóâàííÿ, òåõíîëîã³ÿ ÿêèõ ïå-
ðåäáà÷àº çàñòîñóâàííÿ âèñîêèõ òåìïåðàòóð ï³ä ÷àñ
ñòâîðåííÿ ïðîäóêö³¿. Òàêîæ îòðèìàí³ äàí³ áóäóòü
êîðèñíèìè äëÿ îá´ðóíòóâàííÿ òåõíîëîã³é ÿê³ ïå-
ðåäáà÷àþòü çàñòîñóâàííÿ âèñîêèõ òåìïåðàòóð ï³ä
÷àñ ñòâîðåííÿ ïðîäóêö³¿.

Äëÿ äîñÿãíåííÿ ïîñòàâëåíî¿ ìåòè äîö³ëüíèì
º âèð³øåííÿ íàñòóïíèõ çàäà÷:

– âèçíà÷èòè ïîêàçíèêè ÿêîñò³, ñêëàä
æèðíèõ êèñëîò òà àíòèîêñèäàíò³â îë³éíèõ ñêëà-
äîâèõ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì – ðàô³íî-
âàíèõ ñîíÿøíèêîâî¿, âèñîêîîëå¿íîâî¿ ñîíÿøíè-

êîâî¿, êóêóðóäçÿíî¿ òà êóíæóòíî¿ îë³é;
– âèçíà÷èòè ñóì³ñíèé âïëèâ ñòðóêòóðîóòâî-

ðþþ÷èõ àãåíò³â – áäæîëèíîãî âîñêó òà êàðáî-
êñèìåòèíöåëþëîçè íà ñòàá³ëüí³ñòü äî ðîçøàðó-
âàííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì;

– âèçíà÷èòè ñóì³ñíèé âïëèâ îë³éíèõ ñêëà-
äîâèõ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì – ðàô³íî-
âàíèõ âèñîêîîëå¿íîâî¿ ñîíÿøíèêîâî¿, êóêóðóäçÿ-
íî¿ òà êóíæóòíî¿ îë³é íà ñòàá³ëüí³ñòü äî îêèñíåí-
íÿ.

Ìàòåð³àëè òà ìåòîäè äîñë³äæåííÿ
Îá’ºêò òà ã³ïîòåçà äîñë³äæåííÿ
Îá’ºêòîì äîñë³äæåííÿ º âïëèâ ñêëàäó

îë³éíî¿ ñèðîâèíè íà ñòàá³ëüí³ñòü äî îêèñíåííÿ
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì. Îñíîâíîþ ã³ïî-
òåçîþ äîñë³äæåííÿ º çá³ëüøåííÿ ñòàá³ëüíîñò³ äî
îêèñíåííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì, ùî
ì³ñòÿòü â ñâîºìó ñêëàä³ ñïåöèô³÷í³ àíòèîêñèäàí-
òè òà ïåðåâàæíó á³ëüø³ñòü æèðíèõ êèñëîò íèçü-
êîãî ñòóïåíþ íåíàñè÷åíîñò³.

Äîñë³äæóâàí³ ìàòåð³àëè òà îáëàäíàííÿ
Ï³ä ÷àñ äîñë³äæåíü âèêîðèñòàíî íàñòóïí³

ìàòåð³àëè òà ðåàêòèâè:
– îë³ÿ ñîíÿøíèêîâà ðàô³íîâàíà (âèðîáíèöò-

âî Óêðà¿íà), çã³äíî ç ÄÑÒÓ 4492/CAS 8001-21-6;
– îë³ÿ ñîíÿøíèêîâà âèñîêîîëå¿íîâà

ðàô³íîâàíà (âèðîáíèöòâî Óêðà¿íà), çã³äíî ç
ÄÑÒÓ 9127/CAS 164250-88-8;

– îë³ÿ êóêóðóäçÿíà ðàô³íîâàíà (âèðîáíèöòâî
Óêðà¿íà), çã³äíî ç ÄÑÒÓ 8808/CAS 8001-30-7;

– îë³ÿ êóíæóòíà ðàô³íîâàíà (âèðîáíèöòâî
Óêðà¿íà), çã³äíî ç ÄÑÒÓ 2423/CAS 8008-74-0;

– âîñê áäæîëèíèé Å901 (âèðîáíèöòâî
Óêðà¿íà), çã³äíî ç ÄÑÒÓ 4229/CAS 8012-89-3;

– êàðáîêñèìåòèëöåëþëîçà E466 (âèðîáíè-
öòâî Óêðà¿íà), çã³äíî ç CAS 198084-97-8.

Ìåòîäèêà âèçíà÷åííÿ ô³çèêî-õ³ì³÷íèõ ïî-
êàçíèê³â òà ñêëàäó ñèðîâèíè äëÿ ñòðóêòóðîâàíèõ
æèðîâèõ ñèñòåì

Ìàñîâó ÷àñòêó âîëîãè òà ëåòêèõ ðå÷îâèí
çðàçê³â ñèðîâèíè äëÿ ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì âèçíà÷åíî ãðàâ³ìåòðè÷íèì ìåòîäîì çã³äíî
ç ÄÑÒÓ 4603. Êèñëîòíå ÷èñëî çðàçê³â âèçíà÷åíî
çã³äíî ç ÄÑÒÓ ISO 660. Ïåðîêñèäíå ÷èñëî çðàçê³â
âèçíà÷åíî çã³äíî ç ÄÑÒÓ ISO 3960.

Âì³ñò òîêîôåðîëó â çðàçêàõ ïðîâåäåíî õðî-
ìàòîãðàô³÷íèì ìåòîäîì (âèñîêîåôåêòèâíèé ð³äèí-
íèé õðîìàòîãðàô Agilent Technologies 1200 series
(ÑØÀ), êîëîíêà Zorbax XDB-18) çã³äíî ç
ÄÑÒÓ EN 12822.

Âì³ñò ñåçàìîëó ³ ñåçàì³íó â çðàçêàõ âèçíà÷å-
íî ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì (ñïåêòðîôî-
òîìåòð V-1200 (ÊÍÐ)). Àíàë³ç êóíæóòíî¿ îë³¿ íà
âì³ñò â³ëüíîãî ñåçàìîëó, âêëþ÷àâ åêñòðàêö³þ ñå-
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çàìîëó ç îë³éíîãî ðîç÷èíó êîìïëåêñó õëîðîôîðì–
³çîîêòàí (1:4) âîäíî-ñïèðòîâèì ðîç÷èíîì ëóãó.
Ïîäàëüøà êîëîðèìåòðè÷íà ðåàêö³ÿ ç ñ³ð÷àíîþ êèñ-
ëîòîþ ó âîäíîìó ðîç÷èí³ â ïðèñóòíîñò³ ôóðôó-
ðîëó òà ñïåêòðîôîòîìåòðè÷íå âèçíà÷åííÿ ñåçàìî-
ëó (ïðè äîâæèí³ õâèë³ 518 íì). Àíàë³ç êóíæóòíî¿
îë³¿ íà âì³ñò çâ’ÿçàíîãî ñåçàìîëó (ñåçàìîë³íó),
ïðîâîäèëè â îë³éíîìó ðîç÷èí³ â êîìïëåêñ³ õëî-
ðîôîðì–³çîîêòàí ï³ñëÿ âèä³ëåííÿ ç íüîãî â³ëüíîãî
ñåçàìîëó. Àíàë³ç âêëþ÷àâ âèì³ðþâàííÿ ñïåêòðó
ïîãëèíàííÿ îë³éíîãî ðîç÷èíó â ä³àïàçîí³
250–320 íì. Ñåçàìîë³í íå äàº ô³îëåòîâîãî êî-
ëüîðó ïðîäóêòó êîëîðèìåòðè÷íî¿ ðåàêö³¿ ç öèìè
ðåàãåíòàìè.

Ìåòèëîâ³ åô³ðè æèðíèõ êèñëîò çðàçê³â ñè-
ðîâèíè äëÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì îò-
ðèìàíî çã³äíî ç ÄÑÒÓ ISO 5509. Æèðíîêèñëî-
òíèé ñêëàä îäåðæàíèõ çðàçê³â âèçíà÷åíî çã³äíî ç
ÄÑÒÓ ISO 5508 íà õðîìàòîãðàô³ Shimadzu (ßïî-
í³ÿ).

Ìåòîäèêà îòðèìàííÿ ñòðóêòóðîâàíèõ æè-
ðîâèõ ñèñòåì

Çðàçêè ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì, ùî
ì³ñòèëè ð³çí³ êîíöåíòðàö³¿ òà ñï³ââ³äíîøåííÿ
ñòðóêòóðîóòâîðþâà÷³â òà îë³éíî¿ ñèðîâèíè,
îäåðæóâàëè øëÿõîì ïîñòàä³éíîãî çì³øóâàííÿ
ñêëàäîâèõ. Íà ïåðøîìó åòàï³ â îë³éíó ñèðîâèíó
äîäàâàëè áäæîëèíèé âîñê, íàãð³âàëè äî 900Ñ ³
ïåðåì³øóâàëè äî ïîâíîãî ðîç÷èíåííÿ âîñêó
(4±1 õâ). Íà äðóãîìó åòàï³ îòðèìàíó ñóì³ø
íàãð³âàëè äî 1400Ñ, äîäàâàëè êàðáîêñèìåòèëöå-
ëþëîçè íàòðîâó ñ³ëü ³ ïðîâîäèëè ãîìîãåí³çàö³þ
äî îòðèìàííÿ ïðîçîðîãî ðîç÷èíó. Îäåðæàíó ñóì³ø
çàëèøàëè äëÿ çàñòèãàííÿ ïðîòÿãîì 24 ãîä çà
òåìïåðàòóðè 20±10C.

Ìåòîäèêà âèçíà÷åííÿ ñòàá³ëüíîñò³ ñòðóêòó-
ðîâàíèõ æèðîâèõ ñèñòåì

Âèçíà÷åííÿ ñòàá³ëüíîñò³ äî ðóéíóâàííÿ
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì âèçíà÷åíî çà äî-
ïîìîãîþ ìåòîäó öåíòðèôóãóâàííÿ (ëàáîðàòîðíà
öåíòðèôóãà 800-1 (ÊÍÐ)). Çðàçîê ïðîäóêòó ïî-
ì³ùàëè ó ïðîá³ðêó òà öåíòðèôóãóâàëè 5 õâ ç³
øâèäê³ñòþ 1500 îá/õâ.

Ìåòîäèêà ïðîâåäåííÿ ïðèñêîðåíîãî îêèñíåí-
íÿ çðàçê³â ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì

Ïðèñêîðåíå îêèñíåííÿ çðàçê³â ñòðóêòóðîâà-
íèõ æèðîâèõ ñèñòåì ïðîâîäèëè çà òåìïåðàòóðè
35±0,50Ñ ïðîòÿãîì 20 ä³á. Ïðîòÿãîì öüîãî ÷àñó â
çðàçêàõ â³äáóâàëèñÿ îêèñí³ ïðîöåñè, ÿê³ õàðàêòå-
ðèçóâàëèñÿ íàêîïè÷åííÿì ïåðâèííèõ ïðîäóêò³â
îêèñíåííÿ (ïåðîêñèä³â òà ã³äðîïåðîêñèä³â), ùî
³äåíòèô³êóâàëèñÿ çà äîïîìîãîþ âèçíà÷åííÿ âå-
ëè÷èíè ïåðîêñèäíîãî ÷èñëà.

Ìåòîäèêà âèçíà÷åííÿ åêîíîì³÷íî¿ äîö³ëüíîñò³
âèêîðèñòàííÿ îá´ðóíòîâàíîãî ñêëàäó ñòðóêòóðî-
âàíèõ æèðîâèõ ñèñòåì

Åêîíîì³÷íèé åôåêò (Åå) º çíèæåííÿì ñî-
á³âàðòîñò³ ïðîäóêö³¿ çà óìîâè ïîð³âíÿííÿ âèêî-
ðèñòàííÿ ó âèðîáíèöòâ³ ñêëàäîâèõ ñòðóêòóðîâà-
íèõ æèðîâèõ ñèñòåì ³ç êîìåðö³éíèì àíàëîãîì ³
ðîçðàõîâóºòüñÿ çà ôîðìóëîþ (1):
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äå Pi, Pj – âàðò³ñòü ñêëàäîâèõ ñòðóêòóðîâàíèõ æè-
ðîâèõ ñèñòåì ó ñêëàä³ êîìåðö³éíîãî àíàëîãó òà
çàïðîïîíîâàíèõ, â³äïîâ³äíî, ($/êã); Ñi, Ñj – âì³ñò
ñêëàäîâèõ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì ó ñêëàä³
êîìåðö³éíîãî àíàëîãó òà çàïðîïîíîâàíèõ, â³äïî-
â³äíî, (êã/ò).

Ïëàíóâàííÿ äîñë³äæåíü òà îáðîáêà ðåçóëü-
òàò³â

Â äîñë³äæåííÿõ ùîäî âèçíà÷åííÿ âïëèâó
ñòðóêòóðîóòâîðþþ÷èõ àãåíò³â íà ñòàá³ëüí³ñòü ³
òåðìîñòàá³ëüí³ñòü ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì âèêîðèñòàíî äâîôàêòîðíèé åêñïåðèìåíò.
Â äîñë³äæåííÿõ ùîäî âèçíà÷åííÿ ñóì³ñíîãî âïëèâó
êîìïîíåíò³â æèðîâî¿ ñèñòåìè íà ¿õíþ ñòàá³ëüí³ñòü
äî îêèñíåííÿ âèêîðèñòàíî òðèôàêòîðíèé åêñïå-
ðèìåíò.

Êîæåí äîñë³ä âèêîíàíî ó òðüîõ ïàðàëåëÿõ.
Ñòàòèñòè÷í³ ìîäåë³ çàëåæíîñòåé âèçíà÷åíî ÷åðåç
àïðîêñèìàö³þ åêñïåðèìåíòàëüíèõ äàíèõ çà äîïî-
ìîãîþ ïîáóäîâè ë³í³é òðåíäó. Ñòàòèñòè÷íå îá-
ðîáëåííÿ åêñïåðèìåíòàëüíèõ äàíèõ, à òàêîæ
ïîáóäóâàííÿ ãðàô³÷íèõ çàëåæíîñòåé âèêîíàí³ ç
âèêîðèñòàííÿì ïàêåòó Stat Soft Statistica v 6.0
(ÑØÀ).

Çíà÷óù³ñòü êîåô³ö³ºíò³â âêàçàíèõ àïðîêñè-
ìàö³éíèõ çàëåæíîñòåé äîâåäåíî ÷åðåç ïåðåâ³ðêó
ã³ïîòåçè ïðî ð³âí³ñòü íóëüîâèõ ïàðàìåòð³â ð³âíÿí-
íÿ. Ðîçðàõîâàíî àáñîëþòíå çíà÷åííÿ êðèòåð³þ
Ñòüþäåíòà, ÿêå ïîð³âíÿíî ç éîãî êðèòè÷íèì
òåîðåòè÷íèì çíà÷åííÿì ïðè çàäàíîìó ð³âí³ çíà-
÷óùîñò³ ³ çàäàíîìó ÷èñë³ ñòóïåí³â ñâîáîäè äëÿ
ìíîæèííî¿ ðåãðåñ³¿. ßê³ñòü ð³âíÿíü àïðîêñèìà-
ö³éíèõ çàëåæíîñòåé òà ïîâíîòó âïëèâó îáðàíèõ
ôàêòîð³â íà ôóíêö³¿ â³äãóê³â îö³íåíî çà äîïîìî-
ãîþ êîåô³ö³ºíò³â äåòåðì³íàö³¿ R2. Çíà÷óù³ñòü
ðîçðîáëåíèõ àïðîêñèìàö³éíèõ ìîäåëåé âèçíà÷å-
íî øëÿõîì ïîð³âíÿííÿ ðîçðàõîâàíîãî êðèòåð³þ
Ô³øåðà ç éîãî êðèòè÷íèì òàáëè÷íèì çíà÷åííÿì
ïðè ð³âí³ çíà÷óùîñò³ ð=0,05 ³ â³äïîâ³äíîìó ÷èñë³
ñòóïåí³â ñâîáîäè.
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Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Âèçíà÷åííÿ ïîêàçíèê³â ÿêîñò³, ñêëàäó æèð-

íèõ êèñëîò òà àíòèîêñèäàíò³â îë³éíî¿ ñèðîâèíè
äëÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì

Âèçíà÷åíî ô³çèêî-õ³ì³÷í³ ïîêàçíèêè, ÿê³
ìàþòü áåçïîñåðåäí³é âïëèâ íà ñòàá³ëüí³ñòü äî
îêèñíåííÿ, çðàçê³â îë³é ðàô³íîâàíèõ ñîíÿøíèêî-
âî¿, âèñîêîîëå¿íîâî¿ ñîíÿøíèêîâî¿, êóêóðóäçÿíî¿
òà êóíæóòíî¿, ùî äîñë³äæóâàëèñÿ (òàáë. 1).

Âèçíà÷åíî âì³ñò àíòèîêñèäàíò³â â çðàçêàõ
îë³éíî¿ ñèðîâèíè äëÿ ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì (òàáë. 2).

Ðåçóëüòàòè âèçíà÷åííÿ ô³çèêî-õ³ì³÷íèõ ïî-
êàçíèê³â òà âì³ñòó àíòèîêñèäàíò³â (òàáë. 1 ³ 2 â³äïî-
â³äíî) ñâ³ä÷àòü, ùî çðàçêè îáðàíèõ îë³é â³äïîâ³-
äàþòü âèìîãàì íîðìàòèâíî¿ äîêóìåíòàö³¿.

Âèçíà÷åííÿ ñóì³ñíîãî âïëèâó ñòðóêòóðîóòâî-
ðþþ÷èõ àãåíò³â íà ïîêàçíèêè ÿêîñò³ ñòðóêòóðî-
âàíèõ æèðîâèõ ñèñòåì

Äîñë³äæåíî çàëåæí³ñòü ñòàá³ëüíîñò³ ³ òåðìî-
ñòàá³ëüíîñò³ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íà
îñíîâ³ îë³¿ ñîíÿøíèêîâî¿ ðàô³íîâàíî¿ â³ä âì³ñòó
ñòðóêòóðîóòâîðþþ÷èõ àãåíò³â – áäæîëèíîãî
âîñêó òà êàðáîêñèìåòèíöåëþëîçè.

Çà äîïîìîãîþ ð³âíÿííÿ (2) íàäàíî àïðîêñè-
ìàö³éíó çàëåæí³ñòü ñòàá³ëüíîñò³ ñòðóêòóðîâàíèõ
æèðîâèõ ñèñòåì (S0, õâ) â³ä âì³ñòó áäæîëèíîãî
âîñêó (cbw) òà êàðáîêñèìåòèëöåëþëîçè (ccmc).

S0(cbw, ccmc)=15,2523+36,3967⋅cbw+21,8172⋅ccmc–
–5,2874⋅cbw

2–2,3749⋅cbw⋅ccmc–2,2231⋅ccmc
2. (2)

Ïîâåðõíþ îòðèìàíî¿ çàëåæíîñò³ ñòàá³ëüíîñò³
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â³ä âì³ñòó
ñòðóêòóðîóòâîðþâà÷³â íàâåäåíî íà ðèñ. 1.

Àïðîêñèìàö³éíà çàëåæí³ñòü (2) àäåêâàòíî
îïèñóº ñòàá³ëüí³ñòü ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì â³ä âì³ñòó ñòðóêòóðîóòâîðþâà÷³â â ³í-
òåðâàëàõ âì³ñòó áäæîëèíîãî âîñêó 0–3,0% ³
êàðáîêñèìåòèëöåëþëîçè 0–4%.

Àíàë³ç ðåçóëüòàò³â ïðîâåäåíèõ åêñïåðèìåí-
òàëüíèõ äîñë³äæåíü ñâ³ä÷èòü ïðî ñóì³ñíèé âïëèâ
ñòðóêòóðîóòâîðþâà÷³â áäæîëèíîãî âîñêó ³ êàð-
áîêñèìåòèëöåëþëîçè íà ñòàá³ëüí³ñòü ñòðóêòóðî-
âàíî¿ æèðîâî¿ ñèñòåìè. Çîêðåìà, äîäàâàííÿ 3%
áäæîëèíîãî âîñêó äî ìîäåëüíî¿ æèðîâî¿ ñèñòåìè
íà îñíîâ³ îë³¿ ñîíÿøíèêîâî¿ ðàô³íîâàíî¿ ïðèâî-
äèòü äî ñòàá³ëüíîñò³ ñèñòåìè íà ð³âí³ 77%, à äî-
äàâàííÿ 4% êàðáîêñèìåòèëöåëþëîçè ïðèâîäèòü
äî ñòàá³ëüíîñò³ æèðîâî¿ ñèñòåìè ëèøå äî âåëè÷è-
íè 67%. Ó âèïàäêó ñï³ëüíîãî âèêîðèñòàííÿ ñòðó-
êòóðîóòâîðþþ÷èõ àãåíò³â áäæîëèíîãî âîñêó â³ä
2% ³ êàðáîêñèìåòèëöåëþëîçè â³ä 3% çðàçêè ñòðó-
êòóðîâàíèõ æèðîâèõ ñèñòåì íàáóâàþòü ñòàá³ëü-
íîñò³ íà ð³âí³ 100%. Äëÿ ñòàá³ë³çàö³¿ æèðîâèõ
ñèñòåì íà áàç³ ð³äêèõ ðîñëèííèõ îë³é çàïðîïîíî-
âàíî çàñòîñîâóâàòè îçíà÷åí³ ñòðóêòóðîóòâîðþâà÷³
íà ð³âí³:

– áäæîëèíèé âîñê 2%;
– êàðáîêñèìåòèëöåëþëîçà 3%.
Âèçíà÷åííÿ ñóì³ñíîãî âïëèâó îë³éíèõ ñêëàäî-

âèõ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íà
ñòàá³ëüí³ñòü äî îêèñíåííÿ

Ç ìåòîþ âèçíà÷åííÿ ñï³ââ³äíîøåííÿ
îë³éíèõ ñêëàäîâèõ ñòðóêòóðîâàíî¿ æèðîâî¿ ñèñòå-
ìè íà ñòàá³ëüí³ñòü äî îêèñëþâàëüíîãî ïñóâàííÿ
äîñë³äæåíî çàëåæí³ñòü âì³ñòó ïåðâèííèõ ïðîäóêò³â
îêèñíåííÿ â³ä ñï³ââ³äíîøåííÿ ñêëàäîâèõ ï³ñëÿ
ïðèñêîðåíîãî îêèñíåííÿ ïðîäóêòó. ßê êîìïîíåí-
òè ñòðóêòóðîâàíî¿ æèðîâî¿ ñèñòåìè îáðàíî ðàô³-

Òàáëèöÿ 1

Ô³çèêî-õ³ì³÷í³ ïîêàçíèêè çðàçê³â îë³éíî¿ ñèðîâèíè äëÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì

Òàáëèöÿ 2

Âì³ñò àíòèîêñèäàíò³â â çðàçêàõ îë³éíî¿ ñèðîâèíè äëÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì
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íîâàí³ îë³¿ êóêóðóäçÿíó, ñîíÿøíèêîâó âèñîêîî-
ëå¿íîâó ³ êóíæóòíó ÷åðåç ¿õí³é ñïåöèô³÷íèé àí-
òèîêñèäàíòíèé ³ æèðíîêèñëîòíèé ñêëàä. Çà äîïî-
ìîãîþ ð³âíÿííÿ (3) íàäàíî àïðîêñèìàö³éíó çà-
ëåæí³ñòü ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â ñòðóêòóðîâà-
íèõ æèðîâèõ ñèñòåì (PN, ììîëü 1/2 O/êã) â³ä
ñï³ââ³äíîøåííÿ ìàñîâèõ ÷àñòîê êóêóðóäçÿíî¿ (ññ),
âèñîêîîëå¿íîâî¿ ñîíÿøíèêîâî¿ (ñhos) òà êóíæóòíî¿
(ñs) îë³é ï³ñëÿ ïðèñêîðåíîãî îêèñíåííÿ. Âåëè÷è-
íà ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â õàðàêòåðèçóº âì³ñò
ïåðâèííèõ ïðîäóêò³â îêèñíåííÿ â ïðîäóêò³.

PN(ññ, ñhos, ñs)=15,458⋅ññ+9,5236⋅ñhos+3,1184⋅ñs+
+0,5814⋅ññ⋅ñhos–12,7152⋅ññ⋅ñs–8,3162⋅ñhos⋅ñs–
–24,7153⋅ññ⋅ñhos⋅ñs. (3)

Âàðòî â³äçíà÷èòè, ùî ïåðîêñèäíå ÷èñëî
ñòðóêòóðîâàíî¿ îë³éíî¿ ñèñòåìè íà îñíîâ³ îë³¿ ñî-
íÿøíèêîâî¿ ðàô³íîâàíî¿ (º êîíòðîëüíèì çðàçêîì)
ñêëàäàëî 18,2 ììîëü 1/2 O/êã.

Ïîâåðõíþ îòðèìàíî¿ çàëåæíîñò³ âåëè÷èíè
ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â ñòðóêòóðîâàíèõ æè-
ðîâèõ ñèñòåì â³ä ñï³ââ³äíîøåííÿ îë³éíî¿ ñèðîâè-
íè íàâåäåíî íà ðèñ. 2.

Íåîáõ³äíî çàçíà÷èòè, ùî àïðîêñèìàö³éíå
ð³âíÿííÿ (3) àäåêâàòíî îïèñóº âåëè÷èíè ïå-
ðîêñèäíîãî ÷èñëà ë³ï³ä³â îêèñíåíèõ çðàçê³â
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â ³íòåðâàëàõ

ñï³ââ³äíîøåííÿ ñêëàäîâèõ 0,00–1,00 ìàñîâî¿ ÷àñ-
òêè. Íà ðèñ. 2 íàâåäåíî ä³àïàçîí ñï³ââ³äíîøåíü
ñêëàäîâèõ æèðîâî¿ ñèñòåìè, äå ïåðîêñèäíå ÷èñëî
º   ìåíøèì, í³æ ó êîíòðîëüíîìó çðàçêó, íàâ³òü ó
5 ðàç³â.

Çàïðîïîíîâàíî ä³àïàçîí ñï³ââ³äíîøåíü ñêëà-
äîâèõ ñòðóêòóðîâàíî¿ æèðîâî¿ ñèñòåìè, ÿêèé
çàáåçïå÷óº âåëè÷èíó ïåðîêñèäíîãî ÷èñëà ï³ñëÿ
ïðèñêîðåíîãî îêèñíåííÿ íà ð³âí³ 6–8 ììîëü
1/2 O/êã, ùî â 2,3–3,3 ðàçè ìåíøèé çà òàêèé â
êîíòðîëüíîìó çðàçêó:

– îë³ÿ êóêóðóäçÿíà 0,40– 0,70 ìàñ. ÷àñòêè;
– îë³ÿ ñîíÿøíèêîâà âèñîêîîëå¿íîâà

0,25–0,75 ìàñ. ÷àñòêè;
– îë³ÿ êóíæóòíà 0,15–0,40 ìàñ. ÷àñòêè.
Ï³äâèùåííÿ ìàñîâî¿ ÷àñòêè êóíæóòíî¿ îë³¿ â

æèðîâ³é ñèñòåì³ ïðèâîäèòü äî ï³äâèùåííÿ ñòà-
á³ëüíîñò³ äî îêèñíåííÿ. Ìåíøîþ ì³ðîþ âïëèâà-
þòü íà ñòàá³ëüí³ñòü äî îêèñíåííÿ æèðîâî¿ ñèñòå-
ìè âèñîêîîëå¿íîâà ñîíÿøíèêîâà ³ êóêóðóäçÿíà îë³¿,
â³äïîâ³äíî.

Ç îãëÿäó íà åêîíîì³÷íó ñêëàäîâó, äëÿ
îäåðæàííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íà áàç³
ð³äêèõ ðîñëèííèõ îë³é, ñòàá³ë³çîâàíèõ íèçüêîìî-
ëåêóëÿðíèìè ñêëàäîâèìè òà ïîë³ìåðàìè, çàïðî-
ïîíîâàíî çàñòîñîâóâàòè îçíà÷åí³ ðîñëèíí³ îë³¿ íà
ð³âí³:

– îë³ÿ ñîíÿøíèêîâà âèñîêîîëå¿íîâà 0,70 ìàñ.

Ðèñ. 1. Çàëåæí³ñòü ñòàá³ëüíîñò³ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â³ä âì³ñòó áäæîëèíîãî âîñêó òà

 êàðáîêñèìåòèëöåëþëîçè
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÷àñòêè;
– îë³ÿ êóíæóòíà 0,20 ìàñ. ÷àñòêè;
– îë³ÿ êóêóðóäçÿíà 0,10 ìàñ. ÷àñòêè.
Åêñïåðèìåíòàëüíî âèçíà÷åíà âåëè÷èíà

ïåðîêñèäíîãî ÷èñëà ñòðóêòóðîâàíî¿ æèðîâî¿
ñèñòåìè îçíà÷åíîãî ñêëàäó ñòàíîâèòü 7,0 ììîëü
1/2 O/êã (ðîçðàõóíêîâå ïåðîêñèäíå ÷èñëî –
7,1 ììîëü 1/2 O/êã).

Îáãîâîðåííÿ ðåçóëüòàò³â âèçíà÷åííÿ âïëèâó
ñêëàäó îë³éíî¿ ñèðîâèíè íà ñòàá³ëüí³ñòü äî îêèñ-
íåííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì

Äîñë³äæåíî çàëåæí³ñòü âïëèâó ñêëàäó ìîäè-
ô³êîâàíèõ æèðîâèõ ñèñòåì íà ¿õ ñòàá³ëüí³ñòü äî
ðîçøàðóâàííÿ òà îêèñíåííÿ. Îòðèìàí³ ðåçóëüòà-
òè äîñë³äæåíü äàþòü çìîãó êîìá³íóâàòè ñï³ââ³äíî-
øåííÿ ñòðóêòóðîóòâîðþâà÷³â äëÿ îòðèìàííÿ
ïåâíèõ îðãàíîëåïòè÷íèõ îñîáëèâîñòåé ñòðóêòó-
ðîâàíî¿ æèðîâî¿ ñèñòåìè, à òàêîæ ïðîãíîçóâàòè
òåðì³í ïðèäàòíîñò³ çàëåæíî â³ä ñï³ââ³äíîøåííÿ
îë³éíèõ ñêëàäîâèõ. Â³äïîâ³äíî äî äàíèõ òàáë. 1
äîñë³äæóâàí³ çðàçêè îë³éíî¿ ñèðîâèíè äëÿ
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì ìàþòü ïîêàçíè-
êè ÿêîñò³, ùî ñâ³ä÷àòü ïðî â³äïîâ³äí³ñòü âèìîãàì
íîðìàòèâíî¿ äîêóìåíòàö³¿ ùîäî âì³ñòó âîëîãè,
â³ëüíèõ æèðíèõ êèñëîò, à òàêîæ ïåðâèííèõ ïðî-

äóêò³â îêèñíåííÿ. Öå ìàº çàáåçïå÷èòè àäåêâàòí³ñòü
çàëåæíîñò³ (3) âåëè÷èíè ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â
îêèñíåíèõ çðàçê³â ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì â³ä ñï³ââ³äíîøåííÿ îë³éíèõ ñêëàäîâèõ.

Äàí³, íàâåäåí³ â òàáë. 2, ñâ³ä÷àòü ïðî ïðè-
ñóòí³ñòü â îáðàí³é äëÿ ñòðóêòóðîâàíî¿ æèðîâî¿
ñèñòåìè îë³éí³é ñèðîâèí³ çíà÷íî¿ ê³ëüêîñò³ æè-
ðîðîç÷èííèõ àíòèîêñèäàíò³â (òîêîôåðîë³â), ó òîìó
÷èñë³ ñïåöèô³÷íèõ (ñåçàìîì, ñåçàì³í). Öÿ
îñîáëèâ³ñòü ìàº ñïðèÿòè ñòàá³ë³çàö³¿ ïîêàçíèê³â
ãîòîâîãî ïðîäóêòó ï³ä ÷àñ õ³ì³÷íîãî ïñóâàííÿ
(îêèñíåííÿ), ùî äîâåäåíî åêñïåðèìåíòàëüíèìè
äîñë³äæåííÿìè (ð³âíÿííÿ (3), ðèñ. 2). Êð³ì òîãî,
ðåçóëüòàòè âèçíà÷åííÿ æèðíîêèñëîòíîãî ñêëàäó
îë³éíî¿ ñèðîâèíè äîâîäÿòü äîö³ëüí³ñòü âèêîðè-
ñòàííÿ îë³¿ ñîíÿøíèêîâî¿ âèñîêîîëå¿íîâî¿, åêî-
íîì³÷íî ïðèâàáëèâî¿ ñèðîâèíè, ùî íàëåæèòü äî
îëå¿íîâî¿ ãðóïè îë³é, ñòàá³ëüíèõ äî îêèñíîãî
ïñóâàííÿ.

Îòðèìàí³ ðåçóëüòàòè äîñë³äæåíü, íàâåäåí³ â
ð³âíÿíí³ (2) òà ðèñ. 1, ñâ³ä÷àòü ïðî ñóì³ñíèé âïëèâ
ñòðóêòóðîóòâîðþâà÷³â áäæîëèíîãî âîñêó ³ êàðáî-
êñèìåòèëöåëþëîçè íà ñòàá³ëüí³ñòü äî ðîçøàðó-
âàííÿ ñòðóêòóðîâàíî¿ æèðîâî¿ ñèñòåìè. Öå äîçâî-
ëÿº çíèçèòè âì³ñò ñòðóêòóðîóòâîðþþ÷èõ àãåíò³â

Ðèñ. 2. Çàëåæí³ñòü âåëè÷èíè ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â îêèñíåíèõ çðàçê³â ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â³ä

ñï³ââ³äíîøåííÿ îë³éíèõ ñêëàäîâèõ
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â ïðîäóêò³ äî ì³í³ìóìó (áäæîëèíèé âîñê 2%;
êàðáîêñèìåòèëöåëþëîçà 3%) îäíî÷àñíî çàáåçïå-
÷óþ÷è íåîáõ³äíèé ð³âåíü ñòàá³ëüíîñò³ äî ðîçøà-
ðóâàííÿ. Â ðåçóëüòàò³ äîñë³äæåíü ñòàá³ëüíîñò³
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì â³ä âì³ñòó áäæî-
ëèíîãî âîñêó òà êàðáîêñèìåòèëöåëþëîçè çìîäå-
ëüîâàíî äâîõôàêòîðíó çàëåæí³ñòü (2) äëÿ ä³àïà-
çîíó âì³ñòó áäæîëèíîãî âîñêó 0–3,0% ³ êàðáî-
êñèìåòèëöåëþëîçè 0–4%. Â ðåçóëüòàò³ äîñë³äæåííÿ
ïåðîêñèäíîãî ÷èñëà îêèñíåíèõ ñòðóêòóðîâàíèõ æè-
ðîâèõ ñèñòåì ç ð³çíèì ñï³ââ³äíîøåííÿì îë³éíèõ
ñêëàäîâèõ (ðèñ. 2) ìîäåëüîâàíî òðèôàêòîðíó çà-
ëåæí³ñòü âåëè÷èíè ïåðîêñèäíîãî ÷èñëà ë³ï³ä³â
îêèñíåíèõ çðàçê³â ñòðóêòóðîâàíèõ æèðîâèõ
ñèñòåì â³ä ñï³ââ³äíîøåííÿ îë³éíèõ ñêëàäîâèõ.

Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü äîçâîëÿ-
þòü åôåêòèâíî âðàõîâóâàòè àíòèîêñèäàíòíèé
(òàáë. 2) òà æèðíîêèñëîòíèé ñêëàä îáðàíî¿
îë³éíî¿ ñèðîâèíè ï³ä ÷àñ çàñòîñóâàííÿ â òåõíî-
ëîã³¿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì, çîêðåìà
îëåîãåë³â. Êð³ì òîãî, îòðèìàí³ çàëåæíîñò³ (2), (3)
º êîðèñíèìè äëÿ ïðîãíîçóâàííÿ ñòàá³ëüíîñò³ ùîäî
ðîçøàðóâàííÿ ñòðóêòóðîâàíèõ ñèñòåì â çàëåæíîñò³
â³ä ñï³ââ³äíîøåííÿ ñòðóêòóðîóòâîðþâà÷³â, à òà-
êîæ òåðì³í³â ïðèäàòíîñò³ ãîòîâî¿ ïðîäóêö³¿.
Îäíàê îáìåæåííÿ âèêîðèñòàííÿ ðåçóëüòàò³â
äîñë³äæåííÿ ìîæå áóòè ïðèõîâàíèì ó òîìó, ùî â
åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ âèêîðèñòàíî ÿê
íèçüêîìîëåêóëÿðíèé ñòðóêòóðîóòâîðþâà÷ áäæî-
ëèíèé âîñê, à ÿê ïîë³ìåð – îäíå ç ÷èñëåííèõ
ïîõ³äíèõ öåëþëîçè – êàðáîêñèìåòèëöåëþëîçó.
Òîìó ó âèïàäêó âèêîðèñòàííÿ â òåõíîëîã³¿ ñòðó-
êòóðîâàíèõ æèðîâèõ ñèñòåì âîñê³â ³íøîãî ïî-
õîäæåííÿ àáî ³íøèõ ïîõ³äíèõ öåëþëîçè, íåîá-
õ³äíèì º åêñïåðèìåíòàëüíèé àíàë³ç ôàêòîð³â ñêëàäó
äëÿ êîðèãóâàííÿ ô³çèêî-õ³ì³÷íî¿ ñòàá³ëüíîñò³ íî-
âèõ æèðîâèõ ñèñòåì. Âàðòî â³äçíà÷èòè íåäîë³ê
ïðîâåäåíîãî äîñë³äæåííÿ. Öå â³äñóòí³ñòü äàíèõ
ùîäî îêèñíî¿ ñòàá³ëüíîñò³ æèðîâèõ ñèñòåì çà
òåìïåðàòóðè çáåð³ãàííÿ ïðîäóêö³¿ (0–200Ñ).
Îçíà÷åíèé íåäîë³ê ìîæíà êîìïåíñóâàòè ñïîñî-
áîì ïîð³âíÿííÿ ñòàá³ëüíîñò³ äî îêèñíåííÿ
ðîçðîáëåíî¿ æèðîâî¿ ñèñòåìè ç êîíòðîëüíîþ (íà
áàç³ îë³¿ ñîíÿøíèêîâî¿ ðàô³íîâàíî¿), ñòðîê ïðè-
äàòíîñò³ ÿêî¿ â³äîìèé.

Âàðòî â³äçíà÷èòè ïåðñïåêòèâí³ íàïðÿìêè
ðîáîòè ùîäî äîñë³äæåííÿ âïëèâó ñêëàäó ìîäèô³-
êîâàíèõ æèðîâèõ ñèñòåì íà ¿õ ñòàá³ëüí³ñòü äî
îêèñíåííÿ. Öå, äîñë³äæåííÿ ô³çèêî-õ³ì³÷íî¿ ³
õ³ì³÷íî¿ ñòàá³ëüíîñò³ òðèêîìïîíåíòíî¿ æèðîâî¿
ñèñòåìè ³ äâîõêîìïîíåíòíîãî ñòàá³ë³çàòîðó â óìî-
âàõ åìóëüãóâàííÿ â âîäíîìó ñåðåäîâèù³ ìîäåëü-
íèõ æèðîâèõ ñèñòåì.

Âèñíîâêè
1. Âèçíà÷åíî ïîêàçíèêè ÿêîñò³ (âì³ñò âîëîãè,

â³ëüíèõ æèðíèõ êèñëîò, ïåðâèííèõ ïðîäóêò³â
îêèñíåííÿ), âì³ñò æèðîðîç÷èííèõ àíòèîêñèäàíò³â,
æèðíîêèñëîòíèé ñêëàä ñêëàäîâèõ ñòðóêòóðîâàíèõ
æèðîâèõ ñèñòåì – ðàô³íîâàíèõ îë³é ñîíÿøíèêî-
âî¿, âèñîêîîëå¿íîâî¿ ñîíÿøíèêîâî¿, êóêóðóäçÿ-
íî¿, êóíæóòíî¿. Çðàçêè ðîñëèííèõ îë³é, ùî
äîñë³äæóâàëèñÿ, â³äïîâ³äàþòü âèìîãàì, âñòà-
íîâëåíèì ó íîðìàòèâí³é äîêóìåíòàö³¿ –
ÄÑÒÓ 4492/CAS 8001-21-6; ÄÑÒÓ 9127/CAS
164250-88-8; ÄÑÒÓ 8808/CAS 8001-30-7;
ÄÑÒÓ 2423/CAS 8008-74-0, â³äïîâ³äíî.

2. Âèçíà÷åíî ñóì³ñíèé âïëèâ ñòðóêòóðî-
óòâîðþþ÷èõ àãåíò³â – áäæîëèíîãî âîñêó òà
êàðáîêñèìåòèëöåëþëîçè – íà ñòàá³ëüí³ñòü äî
ðîçøàðóâàííÿ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì.
Ñòðóêòóðîóòâîðþâà÷³ ÷èíÿòü ñóì³ñíèé âïëèâ íà
ñòàá³ëüí³ñòü ñòðóêòóðîâàíî¿ æèðîâî¿ ñèñòåìè. Ó
ðàç³ ñóì³ñíîãî âèêîðèñòàííÿ áäæîëèíîãî âîñêó
â³ä 2% ³ êàðáîêñèìåòèëöåëþëîçè â³ä 3% çðàçêè
ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì íàáóâàþòü ñòà-
á³ëüíîñò³ íà ð³âí³ 100%.

3. Âèçíà÷åíî ñóì³ñíèé âïëèâ îë³éíèõ ñêëà-
äîâèõ ñòðóêòóðîâàíèõ æèðîâèõ ñèñòåì – ðàô³íî-
âàíèõ âèñîêîîëå¿íîâî¿ ñîíÿøíèêîâî¿, êóêóðóäçÿ-
íî¿ òà êóíæóòíî¿ îë³é – íà ñòàá³ëüí³ñòü äî îêè-
ñíåííÿ. Äîâåäåíî ïðèíöèïîâèé âïëèâ âì³ñòó îë³¿
êóíæóòíî¿ ðàô³íîâàíî¿ (ïåðîêñèäíå ÷èñëî ï³ñëÿ
ïðèñêîðåíîãî îêèñíåííÿ 3,1 ììîëü 1/2 O/êã) íà
ñòàá³ëüí³ñòü äî îêèñíåííÿ ñòðóêòóðîâàíèõ æèðî-
âèõ ñèñòåì. Ðàô³íîâàí³ êóêóðóäçÿíà òà âèñîêî-
îëå¿íîâà ñîíÿøíèêîâà îë³¿ ìàëè â³äïîâ³äíî
âåëè÷èíó ïåðîêñèäíîãî ÷èñëà 9,5 ³ 15,5 ììîëü
1/2 O/êã çà òàêèõ æå óìîâ.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. A nickel/palladium/ruthenium-graphene based

nanocatalyst for selective catalytic hydrogenation of vegetable

oils / Sarno M., Iuliano M., Viscusi G., Zarli A., Ciambelli P. /

/ Ind. Crops Prod. – 2021. – Vol.170. – Art. No. 113815.

2. Identification of patterns in the production of a

biologically-active component for food products / Kovaliova O.,

Tchursinov Yu., Kalyna V., Koshulko V. // East.-Eur. J.

Enterprise Technol. – 2020. – Vol.2. – No.11(104). – P.61-68.

3. Esonye C., Onukwuli O.D., Ofoefule A.U. Chemical

kinetics of a two-step transesterification of dyacrodes edulis seed

oil using acid-alkali catalyst // Chem. Eng. Res. Des. – 2019. –

Vol.145. – P.245-257.



140

K.V. Kunitsa, A.M. Puhach, V.O. Panasenko, H.V. Kryvoruchko, Ya.O. Svishchova, M.S. Ponomarova,
V.P. Romaniuk, O.A. Yashchenko, O.M. Varypaiev

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 3, pp. 132-141

4. Improvement of fatty systems biotechnological

interesterification with immobilized enzyme preparation usage /

Belinska A., Bliznjuk O., Shcherbak O., Masalitina N. // East.-Eur.

J. Enterprise Technol. – 2022. – Vol.6. – No. 6(120). – P.6-13.

5. Determination of the influence of natural antioxidant

concentrations on the shelf life of sunflower oil / Sytnik N.,

Kunitsa E., Mazaeva V., Chernukha A. // East.-Eur. J. Enterprise

Technol. – 2020. – Vol.4. – No. 11(106). – P.55-62.

6. Assessing the effectiveness of wax-based sunflower oil

oleogels in cakes as a shortening replacer / Oh I.K., Amoah C.,

Lim J., Jeong S., Lee S. // LWT. – 2017. – Vol.86. – P.430-

437.

7. Cellulose-rich oleogels prepared with an emulsion-

templated approach / Jiang Y., Liu L., Wang B., Sui X.,

Zhong Y., Zhang L., et al. // Food Hydrocoll. – 2018. – Vol.77.

– P.460-464.

8. Effects of thickening agents on the formation and

properties of edible oleogels based on hydroxypropyl methyl

cellulose / Meng Z., Qi K., Guo Y., Wang Y., Liu Y. // Food

Chem. – 2018. – Vol.246. – P.137-149.

9. Rational parameters of waxes obtaining from oil

winterization waste / Sytnik N., Kunitsa E., Mazaeva V.,

Chernukha A. // East.-Eur. J. Enterprise Technol. – 2020. –

Vol.6. – No. 10(108). – P.29-35.

10. Development of novel shortenings structured by

ethylcellulose oleogels / Ye X., Li P., Lo Y.M., Fu H., Cao Y.

// J. Food Sci. – 2019. – Vol.84. – No. 6. – P.1456-1464.

11. Chemical profiling of the major components in natural

waxes to elucidate their role in liquid oil structuring / Doan C.D.,

To C.M., De Vrieze M., Lynen F., Danthine S., Brown A., et al.

// Food Chem. – 2017. – Vol.214. – P.717-725.

12. Sunflower oil-based oleogel as fat replacer in croissants:

textural and sensory characterisation / Espert M., Wang Q.,

Sanz T., Salvador A. // Food Bioprocess Technol. – 2023. –

Vol.16. – P.1943-1952.

13. Davidovich-Pinhas M. Thermo-gelation of ethyl-

cellulose oleogels // Edible oil structuring: concepts methods and

applications. – The Royal Society of Chemistry, 2017. – P.133-

149.

14. Structuring of oils with high PUFA content: evaluation

of the formulation conditions on the oxidative stability and

structural properties of ethylcellulose oleogels / Millao S.,

Iturra N., Contardo I., Morales E., Quilaqueo M., Rubilar M.

// Food Chem. – 2023. – Vol.405. – Art. No. 134772.

15. Development of innovative ethyl cellulose–hydroxypropyl

methylcellulose biopolymer oleogels as low saturation fat replacers:

physical, rheological and microstructural characteristics /

Naeli M.H., Milani J.M., Farmani J., Zargaraan A. // Int. J.

Biol. Macromol. – 2020. – Vol.156. – P.792-804.

Íàä³éøëà äî ðåäàêö³¿ 10.02.2026

Íàä³éøëà ï³ñëÿ âèïðàâëåííÿ 15.04.2026

Ïðèéíÿòà äî ïóáë³êàö³¿ 27.05.2026

Îïóáë³êîâàíà 26.06.2026

DEVELOPMENT OF THE COMPOSITION OF
MODIFIED FAT SYSTEMS STABLE AGAINST
OXIDATION

K.V. Kunitsa a, *, A.M. Puhach b, V.O. Panasenko c,
H.V. Kryvoruchko d, Ya.O. Svishchova e, M.S. Ponomarova e,
V.P. Romaniuk f, O.A. Yashchenko g, O.M. Varypaiev e

a National Technical University «Kharkiv Polytechnic Insti-
tute», Kharkiv, Ukraine

b Dnipro State Agrarian and Economic University, Dnipro,
Ukraine

c State Institution «State Research and Design Institute of
Basic Chemistry», Kharkiv, Ukraine

d V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
e State Biotechnological University, Kharkiv, Ukraine
f Ivan Chernyakhovsky National Defence University of
Ukraine, Kyiv, Ukraine

g National University of Civil Defence of Ukraine, Cherkasy,
Ukraine

* e-mail: ekaterina.kunitsia@gmail.com

The influence of the composition of modified fat systems
on their stability to stratification and oxidation was investigated.
A distinctive feature of the work is the establishment of
approximate graphical and mathematical dependences of stability
to stratification and oxidative damage of structured fat systems
on the content and ratio of structure-forming agents and oil
components. The study focused on the dependence of stability to
stratification and oxidation on the content and ratio of structure-
forming agents and oil components. The possibility of reducing
the content of structure-forming agents in the fat system while
ensuring the required level of stability to stratification was proven.
A ratio of liquid oils in the product was proposed that
reduces the peroxide value after accelerated oxidation to 7 mmol
1/2 O/kg, which is 2.6 times lower than that of the control
sample. The obtained data are explained by the increased stability
of the oil components of the product to oxidative damage due to
the characteristics of the fatty acid and antioxidant composition.
The economic feasibility of producing oxidation-stable structured
fat systems based on liquid oils has been proven. The cost of such
a product is 9 times lower than that of a commercial analogue (a
structured fat system based on coconut oil stabilized with ethyl
cellulose). A feature of the obtained results is the ability to predict
the physicochemical and chemical shelf life of structured fat
systems based on oxidation-stable raw materials. From a practical
point of view, the research results allow the development of fat
systems taking into account both technological and economic
needs. A practical application of the obtained results is the
possibility of expanding the range of competitive structured fat
systems with an increased shelf life.

Keywords: structured fat system; vegetable oil; beeswax;
carboxymethyl cellulose; oxidative stability.
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