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I. ÂÑÒÓÏ

Æèðè, áiëêè, âóãëåâîäè � îñíîâíi âèäè ïðîäóêòiâ,
ùî ñïîæèâà¹ ëþäèíà â ïðîöåñi ñâî¹¨ æèòò¹äiÿëüíîñòi.
Âàæëèâîþ ÷àñòèíîþ æèðîâîãî ñå ìåíòà ¹ ðîñëèííi
îëi¨, ÿêi ÿâëÿþòü ñîáîþ ðîç÷èí òðèãëiöåðèäiâ âèùèõ
êàðáîíîâèõ êèñëîò, òîêîôåðîëó, âiòàìiíiâ, ôîñôîëiïi-
äiâ, ôåðìåíòiâ, ñòèðîëiâ òà iíøèõ ôiçiîëîãi÷íî àêòèâ-
íèõ êîìïîíåíò [1].

Êiëüêiñíèé àíàëiç ñòðóêòóðè ðîñëèííèõ îëié, ÿêi
ôàêòè÷íî ñïîæèâà¹ ëþäèíà, ïîêàçó¹ ïîñòiéíèé äåôi-
öèò ëiíîëåíîâî¨ (ω-3) i íàäëèøîê ëiíîëåâî¨ (ω-6) ïî-
ëiíåíàñè÷åíèõ æèðíèõ êèñëîò çà óìîâè ñïîæèâàííÿ
ïåðåâàæíî ñîíÿøíèêîâî¨ îëi¨, ó ÿêié êiëüêiñòü (ω-6)
æèðíî¨ êèñëîòè ¹ â ìåæàõ 60�70% âiä óìiñòó âñiõ íå-
íàñè÷åíèõ òà íàñè÷åíèõ æèðíèõ êèñëîò, à ïîëiíåíà-
ñè÷åíà (ω-3) æèðíà êèñëîòà íàÿâíà â ìiçåðíié êiëüêî-
ñòi (1%) àáî âçàãàëi âiäñóòíÿ [2, 3]. Íàäëèøîê æèð-
íèõ êèñëîò òèïó (ω-6) ó õàð÷óâàííi ëþäèíè ïiäâè-
ùó¹ ðèçèê ñåðöåâî-ñóäèííèõ çàõâîðþâàíü, ïñèõi÷íèõ
âiäõèëåíü, iìóíîäåôiöèòó òà ðîçâèòêó ðàêîâèõ çàõâî-
ðþâàíü. Äîâåäåíî, ùî (ω-3) æèðíi êèñëîòè çíèæóþòü
çãîðòàííÿ êðîâi, ïåðåøêîäæàþòü ïîÿâi òðîìáiâ, çàõè-
ùàþòü ñóäèíè âiä óòâîðåííÿ õîëåñòåðèíîâèõ áëÿøîê,
ùî ñïðèÿ¹ ïðîôiëàêòèöi ñåðöåâî-ñóäèííèõ çàõâîðþ-
âàíü [4�6]. Íàóêîâî äîâåäåíî, ùî äëÿ íîðìàëüíîãî
ôóíêöiîíóâàííÿ çäîðîâîãî ëþäñüêîãî îðãàíiçìó ñïiâ-
âiäíîøåííÿ (ω-3) i (ω-6) ïîëiíåíàñè÷åíèõ æèðíèõ êè-
ñëîò ω-3 i ω-6 ìà¹ ñòàíîâèòè 1:10, à ïiä ÷àñ ëiêóâàííÿ
ñåðöåâî-ñóäèííèõ çàõâîðþâàíü � 1:3÷1:5 [7].
Ç îãëÿäó íà öå, äëÿ çäîðîâîãî õàð÷óâàííÿ ëþäèíè

ïîòðiáíî çáiëüøóâàòè ðiâåíü ñïîæèâàííÿ îëié ç ïiä-
âèùåíèì óìiñòîì ïîëiíåíàñè÷åíèõ æèðíèõ êèñëîò òè-
ïó (ω-3). Åôåêòèâíèì äæåðåëîì ïîëiíåíàñè÷åíî¨ ω-3
æèðíî¨ êèñëîòè ìîæå ñëóãóâàòè ëëÿíà îëiÿ õîëîäíî-
ãî âiäæèìó, äëÿ ÿêî¨ õàðàêòåðíèé ðåêîðäíî âèñîêèé
óìiñò (ω-3) ïîëiíåíàñè÷åíî¨ æèðíî¨ êèñëîòè (∼ 60%)
[1, 8]. Îäíàê ïîëiíåíàñè÷åíi æèðíi êèñëîòè, ùî âõî-
äÿòü äî ñêëàäó ëëÿíî¨ îëi¨, äóæå íåñòiéêi é ëåãêî ðóé-
íóþòüñÿ âiä âïëèâó íàâêîëèøíüîãî ïîâiòðÿ [9], îêè-
ñëþþòüñÿ ïiä äi¹þ ñîíÿ÷íîãî ñâiòëà [10], âèñîêèõ òåì-
ïåðàòóð [11, 12] òà çà óìîâè êîíòàêòó ç ìåòàëàìè çìií-
íî¨ âàëåíòíîñòi (çàëiçî, ìiäü) [13].
Ìåòà íàøî¨ ðîáîòè � äîñëiäæåííÿ çìií

ñïåêòðàëüíî-ëþìiíåñöåíòíèõ õàðàêòåðèñòèê ëëÿ-
íî¨ îëi¨ âiä ÷àñó ¨¨ çáåðiãàííÿ â ïîáóòîâèõ óìîâàõ
(äî äâîõ i áiëüøå ðîêiâ). Ñàìå òîìó, ùî ëþìiíå-
ñöåíòíèé ìåòîä ¹ îäíèì iç íàéáiëüø iíôîðìàòèâíèõ,
íåðóéíiâíèõ ñïîñîáiâ äîñëiäæåííÿ â ìàòåðiàëîçíàâ-
ñòâi, éîãî çàñòîñîâàíî äëÿ äîñëiäæåííÿ îëié. Çìiíè
ñïåêòðàëüíî-ëþìiíåñöåíòíèõ õàðàêòåðèñòèê îëi¨
äàþòü iíôîðìàöiþ ïðî çìiíó ¨¨ õiìi÷íîãî ñêëàäó ïðî-
òÿãîì ÷àñó çáåðiãàííÿ. Ñïåêòðàëüíî-ëþìiíåñöåíòíi
õàðàêòåðèñòèêè äîñëiäæóâàíèõ îëié ïîðiâíþâàëè ç
òàêèìè, âëàñòèâèìè äëÿ ñâiæîâèòèñíåíî¨ îëi¨.

II. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÀ ×ÀÑÒÈÍÀ

Äîñëiäæóâàíi îëi¨ îòðèìàíî â ëàáîðàòîðíèõ óìî-
âàõ ìåòîäîì õîëîäíîãî ïðåñóâàííÿ (òåìïåðàòóðà ïðå-
ñóâàííÿ t < 46 ◦C). �õíi çðàçêè çáåðiãàëèñÿ â ñêëÿ-
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íèõ çàòåìíåíèõ ïëÿøå÷êàõ îá'¹ìîì 200 ìë âåðòè-
êàëüíî â õîëîäèëüíèêó ïîáóòîâîãî òèïó çà òåìïåðà-
òóðè t = 4 ◦C). Ïëÿøå÷êè áóëè çàêðèòi âiäïîâiäíîþ
êðèøêîþ. Îñâiòëåííÿ â õîëîäèëüíèêó âiäñóòí¹. Íà

ðèñ. 1 çîáðàæåíî áëîê-ñõåìó óñòàíîâêè äëÿ âèìiðþâà-
ííÿ ñïåêòðàëüíî-ëþìiíåñöåòíèõ ïàðàìåòðiâ îëié. Ïiä
÷àñ âèìiðþâàííÿ çðàçêè îëié áóëè ó êâàðöåâèõ êþâå-
òàõ ðîçìiðîì 10× 10× 45 ìì.

Ðèñ. 1. Áëîê-ñõåìà óñòàíîâêè äëÿ âèçíà÷åííÿ ñïåêòðàëüíî-ëþìiíåñöåíòíèõ õàðàêòåðèñòèê ëëÿíî¨ îëi¨
Fig. 1. Schema of the setup for measuring the spectral-luminescence characteristics of linseed oil

Âèáið ïåâíî¨ äîâæèíè õâèëi çáóäæóâàëüíîãî ñâiòëà
ç âèïðîìiíþâàëüíîãî êîíòèíóóìó äåéòåði¹âî¨ ëàì-
ïè çäiéñíþâàëè çà äîïîìîãîþ ìîíîõðîìàòîðà ÌÄÐ-
12. Âèìiðþâàëè ñïåêòðè ëþìiíåñöåíöi¨ îëié ìåòîäîì
ðàõóíêó îäèíî÷íèõ ôîòîíiâ, âèêîðèñòîâóþ÷è ìîíî-
õðîìàòîð ÌÄÐ-2 òà ôîòîåëåêòðîííèé ïîìíîæóâà÷
ÔÅÏ-100. Ñè íàë ç ôîòîïîìíîæóâà÷à ïiäñèëþâàâñÿ
òà ïîäàâàâñÿ íà çàïðîãðàìîâàíèé ïåâíèì ñïîñîáîì
ìiêðîêîíòðîëåð, ÿêèé ïiäðàõîâóâàâ ÷àñòîòó iìïóëü-
ñiâ i ðåçóëüòàò ïåðåäàâàâ íà ïåðñîíàëüíèé êîìï'þòåð.
Ðåçóëüòàòè âèìiðþâàíü âiçóàëiçóâàëèñü íà ìîíiòîði
êîìï'þòåðà ó âèãëÿäi ãðàôiêà ç ìîæëèâiñòþ çáåðåæå-
ííÿ ¨õ íà æîðñòêîìó äèñêó êîìï'þòåðà. Ñïåêòðè çáó-
äæåííÿ ëþìiíåñöåíöi¨ òà ñïåêòðè ëþìiíåñöåíöi¨ âèìi-
ðþâàëè ç êðîêîì 1 íì. Ïîâåðòàëè äèôðàêöiéíi  ðà-
òêè ìîíîõðîìàòîðiâ çà äîïîìîãîþ êðîêîâèõ äâèãóíiâ,
ÿêèìè ñâî¹þ ÷åðãîþ êåðóâàâ çàïðîãðàìîâàíèé ó ïåâ-
íèé ñïîñiá ìiêðîêîíòðîëåð.

III. ÐÅÇÓËÜÒÀÒÈ ÄÎÑËIÄÆÅÍÜ ÒÀ �Õ
ÎÁÃÎÂÎÐÅÍÍß

Ëëÿíà îëiÿ ìiñòèòü, ÿê óêàçàíî âèùå, öiëó íèçêó
ñêëàäíèêiâ, ÿêi ¹ ëþìiíåñöåíòíî àêòèâíèìè ñïîëóêà-
ìè: α-, β-, γ- òà δ-òîêîôåðîëè � ðiçíîâèäè âiòàìiíó
E, ïîëiíåíàñè÷åíi æèðíi êèñëîòè (ëiíîëåíîâà (ω-3),
ëiíîëåâà (ω-6), àðàõiäîíîâà), ìîíîíåíàñè÷åíà îëå¨íî-

âà (ω-9), âiòàìiíè B2, E, êàðîòèí (ïîïåðåäíèê âiòàìi-
íó A), à òàêîæ ïi ìåíòè õëîðîôië òà ôåîôåòèí [1, 2].
Íàçâàíi ñïîëóêè ìîæóòü ïåðåäàâàòè iíôîðìàöiþ ïðî
ìîæëèâi äåñòðóêòèâíi çìiíè õiìi÷íîãî ñêëàäó îëi¨, à
çíà÷èòü, i ¨¨ ÿêîñòi çà òðèâàëîãî çáåðiãàííÿ îëi¨.

Ïðîàíàëiçóéìî öi ñêëàäíèêè-ôëóîðîôîðè îëi¨ äî-
êëàäíiøå. Íà ðèñ. 2 çîáðàæåíi ñïåêòðè ôîòîëþìiíå-
ñöåíöi¨ çðàçêiâ ñâiæîâèòèñíóòî¨ îëi¨, îòðèìàíî¨ ìåòî-
äîì õîëîäíîãî ïðåñóâàííÿ (êðèâà 1), òà îëi¨, îäåð-
æàíî¨ õîëîäíèì ïðåñóâàííÿì, àëå çiñòàðåíî¨ ÷àñîì ç
ðiçíèì òåðìiíîì çáåðiãàííÿ: 2 ðîêè (êðèâà 2), 5 ðî-
êiâ (êðèâà 3) çà çáóäæåííÿ ñâiòëîì ç λexcit. = 280 íì.
Ó ñïåêòðàõ ëþìiíåñöåíöi¨ çàðå¹ñòðîâàíî äâi áëèçüêî
ðîçìiùåíi ñìóãè ç λmax1 = 325 i λmax2 = 335 íì
òà ñâi÷åííÿ â äiëÿíöi 375�525 íì. Ñïåêòðàëüíå ïîëî-
æåííÿ äâîõ áëèçüêî ðîçìiùåíèõ ñìóã ç λmax1 = 325
i λmax2 = 335 íì iäåíòè÷íå äëÿ âñiõ çðàçêiâ ëëÿíî¨
îëi¨ ðiçíî¨ ïåðåäiñòîði¨, îäíàê iíòåíñèâíiñòü ëþìiíå-
ñöåíöi¨ öèõ ñìóã ç λmax1 = 325 i λmax2 = 335 íì
ñïàäà¹ ïðîòÿãîì ÷àñó çáåðiãàííÿ îëi¨ (ðèñ. 2, âñòàâ-
êà). Iäåíòè÷íèìè äëÿ çãàäàíèõ ñìóã ëþìiíåñöåíöi¨
âñiõ çðàçêiâ îëi¨ ¹ i ¨õíi âiäïîâiäíi ñïåêòðè çáóäæå-
ííÿ, à ñàìå: ñïåêòð çáóäæåííÿ ñìóã ëþìiíåñöåíöi¨ ç
λmax1 = 325 i λmax2 = 335 íì òàêîæ ÿâëÿ¹ ñîáîþ ií-
òåíñèâíi, äâi áëèçüêî ðîçìiùåíi ñìóãè ç λexcit.1 = 285
i λexcit.2 = 305 íì i ñëàáêó ñìóãó â äiëÿíöi 265 íì
(ðèñ. 2) [14].
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Ðèñ. 2. Ñïåêòðè ôîòîëþìiíåñöåíöi¨ ëëÿíèõ îëié ðiçíîãî
òåðìiíó çáåðiãàííÿ çà çáóäæåííÿ ñâiòëîì ç λexcit. = 280 íì
òà ñïåêòðè çáóäæåííÿ ñìóãè ç λmax = 340 íì: ñâiæîâèòè-
ñíóòà îëiÿ � êðèâà 1 i êðèâà 1′ âiäïîâiäíî; îëiÿ çiñòàðåíà
îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ ó íåãåðìåòè÷íî çà-
êðèòó òàðó ïðîòÿãîì 2 ðîêiâ � êðèâà 2 i êðèâà 2′ âiäïîâiä-
íî; îëiÿ, çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ
â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 5 ðîêiâ � êðèâà 3
i êðèâà 3′ âiäïîâiäíî. Âñòàâêà: çàëåæíiñòü iíòåíñèâíîñòi
ñìóã ëþìiíåñöåíöi¨ òîêîôåðîëó (λmax = 335 íì) � êðèâà 4
òà ôåíîëó (λmax = 325 íì) � êðèâà 5 âiä ÷àñó çáåðiãàííÿ

îëi¨
Fig. 2. Photoluminescence spectra of linseed oils with di-
�erent storage times upon excitation by light with λexc =
280 nm and luminescence excitation spectra of λmax = 340 nm
band: freshly pressed oil � curve 1 and curve 1′, respecti-
vely; oil aged by oxidation under the condition of air access
in a non-hermetically sealed container for 2 years � curve 2
and curve 2′, respectively; oil aged by oxidation under the
condition of air access in a non-hermetically sealed contai-
ner for 5 years � curve 3 and curve 3′, respectively. Inset:
dependence of the luminescence intensity bands of tocopherol
λmax = 335 nm) � curve 4 and phenol λmax = 325 nm) �

curve 5 on the oil storage time

Öi ñïåêòðàëüíî-ëþìiíåñöåíòíi õàðàêòåðèñòèêè îëi¨
äîáðå çáiãàþòüñÿ çi ñïåêòðàëüíî-ëþìiíåñöåíòíèìè õà-
ðàêòåðèñòèêàìè ðiçíîâèäiâ ôåíîëó òà α-òîêîôåðîëó.
À ñàìå, êîðîòêîõâèëüîâi êîìïîíåíòè ó ñïåêòðàõ çáó-
äæåííÿ (ðèñ. 2 êðèâi 1′, 2′, 3′) óëüòðàôiîëåòîâî¨ ëþ-
ìiíåñöåíöi¨ íàëåæàòü ðiçíîâèäàì ôåíîëó, à âiäïîâiäíi
äîâãîõâèëüîâi êîìïîíåíòè � òîêîôåðîëàì, çîêðåìà
α-òîêîôåðîëó [9, 13, 15]. ßê âèäíî ç ðèñ. 2 (êðèâi 1,
2, 3), ó ïðîöåñi ñòàðiííÿ îëi¨ iíòåíñèâíiñòü îáîõ áëèçü-
êî ðîçìiùåíèõ ñìóã ëþìiíåñöåíöi¨ ç λmax1 = 325 i
λmax2 = 335 íì çìåíøó¹òüñÿ. Çáiäíþ¹òüñÿ òàêîæ
ñòðóêòóðà ñïåêòðà çáóäæåííÿ âêàçàíèõ ñìóã ëþìiíå-
ñöåíöi¨ (êîðîòêîõâèëüîâà êîìïîíåíòà ñìóãè çáóäæå-
ííÿ ç λexcit.1 = 285 íì i λexcit.2 = 265 íì âiä-
ñóòíi). Öi çìiíè â ñòðóêòóði ñïåêòðà çáóäæåííÿ ñìóã
ëþìiíåñöåíöi¨ ç λmax1 = 325 i λmax2 = 335 íì i
â ñòðóêòóði ñìóãè ëþìiíåñöåíöi¨ âêàçóþòü íà ñóòò¹-
âó äåíàòóðàöiþ òà ðîçïàä ôåíîëó é òîêîôåðîëó çi-
ñòàðåíî¨ îëi¨. Òîáòî äëÿ îëi¨, ÿêà çáåðiãàëàñÿ â íåãåð-
ìåòè÷íî çàêðèòié ïîñóäèíi ïîíàä äâà ðîêè, ïiä äi¹þ
çàëèøêîâîãî ïîâiòðÿ âiäáóëîñÿ àâòîîêèñëåííÿ (âðà-
õîâóþ÷è ôàêò çáåðiãàííÿ îëié ó õîëîäèëüíèêó). Ïî-

äiáíi ðåçóëüòàòè âïëèâó àâòî- é òåðìîîêèñëåííÿ íà
ñïåêòðè ëþìiíåñöåíöi¨ òà ñïåêòðè çáóäæåííÿ ëþìiíå-
ñöåíöi¨ çàðå¹ñòðîâàíi äëÿ îëèâêîâî¨ îëi¨ [9, 15, 16].
Ïîðiâíþþ÷è ñòðóêòóðó ñïåêòðiâ ëþìiíåñöåíöi¨

îëié, îïèñàíèõ âèùå (êðèâi 1�3), ìîæíà çàóâàæèòè,
ùî ñâi÷åííÿ â äiëÿíöi 370�550 íì ñïàäà¹ ïîâiëüíiøå,
íiæ ñâi÷åííÿ ñìóã ç λmax1 = 325 i λmax2 = 335 íì ó
çiñòàðåíèõ îëié. Ñâi÷åííÿ â äiëÿíöi 370�550 íì ñòðó-
êòóðó¹òüñÿ äåòàëüíiøå çà óìîâè çáóäæåííÿ çðàçêiâ
îëié ñâiòëîì ç äîâæèíîþ õâèëi 325 íì (ðèñ. 3, êðèâi
1�3). Äëÿ âñiõ çðàçêiâ ëëÿíî¨ îëi¨, îòðèìàíèõ çà âèùå
çãàäàíèõ óìîâ, ó ñïåêòðàõ ëþìiíåñöåíöi¨ äîìiíóþòü
ñìóãè ç ìàêñèìóìàìè â äiëÿíöi 390 i 415 íì òà êîðî-
òêîõâèëüîâèì ïëå÷åì ó äiëÿíöi 370 íì, äîâãîõâèëüî-
âèìè ïëå÷àìè â äiëÿíöi 430, 470, 515 íì òà ïîëîãèì
ïëå÷åì ó äiëÿíöi 515÷ 600 íì.

Ðèñ. 3. Ñïåêòðè ôîòîëþìiíåñöåíöi¨ ëëÿíèõ îëié ðiçíî-
ãî òåðìiíó çáåðiãàííÿ ó âèïàäêó çáóäæåííÿ ñâiòëîì ç
λexcit. = 325 íì (êðèâi 1�3): ñâiæîâèòèñíóòà îëiÿ � êðè-
âà 1; îëiÿ, çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâi-
òðÿ ó íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 2 ðîêiâ � êðè-
âà 2; îëiÿ, çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâi-
òðÿ â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 5 ðîêiâ � êðè-
âà 3. Âñòàâêà: çàëåæíiñòü iíòåíñèâíîñòi ñìóã ëþìiíåñöåí-
öi¨ îêèñëåíèõ îëié âiä ÷àñó çáåðiãàííÿ: λmax1 = 390 íì �
êðèâà 4; λmax2 = 415 íì � êðèâà 5 òà λmax3 = 430 íì �

êðèâà 6
Fig. 3. Photoluminescence spectra of linseed oils with di-
�erent storage times upon the excitation by light with λexc =
325 nm (curves 1-3): freshly pressed oil � curve 1; oil aged
by oxidation under the condition of access of air in a non-
hermetically sealed container for 2 years � curve 2; the oil
aged by oxidation under the condition of air access in a non-
hermetically closed container for 5 years � curve 3. Inset:
dependence of the luminescence intensity bands of oxidized
oils on the storage time: λmax1 = 390 nm � curve 4;
λmax2 = nm � curve 5 and λmax3 = 430 nm � curve 6

Àíàëiç ñïåêòðiâ ëþìiíåñöåíöi¨ ëëÿíèõ îëié, çiñòà-
ðåíèõ ÷àñîì çáåðiãàííÿ (0.5 ðîêó < t < 5 ðîêiâ),
ïîêàçàâ, ùî iíòåíñèâíiñòü ëþìiíåñöåíöi¨ â ñïåêòðàëü-
íîìó äiÿïàçîíi 350�510 íì ñóòò¹âî çðîñòà¹. Íà îñíî-
âi öüîãî ñìóãè ëþìiíåñöåíöi¨ â òàêîìó ñïåêòðàëüíî-
ìó äiÿïàçîíi ìîæóòü áóòè iäåíòèôiêîâàíi ÿê ñìóãè
ëþìiíåñöåíöi¨ ïðîäóêòiâ îêèñëåííÿ îëi¨. Çàóâàæèìî,
ùî ñìóãè ëþìiíåñöåíöi¨ îëèâêîâî¨ òà ðiïàêîâî¨ îëié
ó ñïåêòðàëüíîìó äiÿïàçîíi 350�600 íì òàêîæ ïðè-
ïèñóþòü ïðîäóêòàì îêèñëåííÿ ñêëàäíèêiâ öèõ îëié
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[9, 11, 12, 14�17]. Ñïåêòðàëüíèé äiÿïàçîí ó äiëÿíöi
410�480 íì ïðèïèñóþòü ïðîäóêòàì ïåðâèííîãî îêè-
ñëåííÿ [18], à â äiëÿíöi 480�540 íì ïðîäóêòàì âòîðèí-
íîãî îêèñëåííÿ ðîñëèííèõ îëié. Ïðîäóêòè ïåðâèííî-
ãî îêèñëåííÿ îëi¨ ãiäðîïåðîêñèäè ¹ íåñòiéêèìè ñïîëó-
êàìè. Çà òåìïåðàòóð âèùèõ âiä êiìíàòíî¨ âîíè ðîç-
êëàäàþòüñÿ ç óòâîðåííÿì àëüäåãiäiâ, êåòîíiâ, åôiðiâ,
ñïèðòiâ òà êîðîòêî ëàíöþãîâèõ âóãëåâîäiâ, ùî âèêëè-
êà¹ íåïðè¹ìíèé àðîìàò â îêèñëåíèõ îëiÿõ òà ïîãiðøå-
ííÿ ¨õíiõ ñìàêîâèõ ÿêîñòåé [8, 19].

Ðèñ. 4. Ñïåêòðè çáóäæåííÿ ñìóã ôîòîëþìiíåñöåíöi¨ ç
λmax = 390, 415 òà 430 íì ñâiæîâèòèñíóòî¨ (êðèâi 1,
1′, 1′′ âiäïîâiäíî) òà îëi¨, çiñòàðåíî¨ îêèñëåííÿì çà óìî-
âè äîñòóïó ïîâiòðÿ â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿ-
ãîì 2 ðîêiâ (êðèâi 2, 2′, 2′′ âiäïîâiäíî), îëi¨, çiñòàðåíî¨
îêèñëåííÿì ïiä äi¹þ ñîíÿ÷íîãî îïðîìiíåííÿ (êðèâi 3, 3′,
3′′ âiäïîâiäíî), îëi¨, îêèñëåíî¨ ïðåñóâàííÿì çà òåìïåðàòóð

(46 ◦Ñ < t < 60 ◦Ñ) (êðèâi 4, 4′, 4′′ âiäïîâiäíî).
Fig. 4. Photoluminescence excitation spectra of λmax = 390,
415, and 430 nm bands of freshly pressed (curves 1, 1′, 1′′,
respectively) and oil aged by oxidation under the condition
of air access in non-hermetically sealed containers for 2 years
(curves 2, 2′, 2′′, respectively), oil aged by oxidation under the
in�uence of sunlight (curves 3, 3′, 3′′, respectively), oil oxidi-
zed by pressing at temperatures (46 ◦C< t < 60 ◦Ñ) (curves

4, 4′, 4′′, respectively)

Îòæå, ñìóãè ëþìiíåñöåíö¨ â äiëÿíöi 370, 390, 415,
430 íì ìîæóòü áóòè ñóìàðíèì ðåçóëüòàòîì äi¨ àâòî-
òà ôîòîîêèñëåííÿ (íåçíà÷íîãî) ëëÿíî¨ îëi¨, âðàõîâó-
þ÷è çáåðiãàííÿ îëi¨ â õîëîäèëüíèêó â çàêðèòié ¹ìíî-
ñòi. Ó ïðàöi [14] ïîêàçàíî, ùî ñïåêòðè çáóäæåííÿ ñìóã
ëþìiíåñöåíöi¨ ç λmax = 390, 415 i 430 íì äëÿ çðàç-
êiâ ñâiæîâèòèñíåíî¨ ëëÿíî¨ îëi¨; çðàçêiâ îëié, çiñòà-
ðåíèõ òðèâàëèì çáåðiãàííÿì; îïðîìiíåíèõ ñîíÿ÷íèì
ñâiòëîì ïðîòÿãîì 50 ãîäèí; îòðèìàíèõ ïðåñóâàííÿì ó
òåìïåðàòóðíîìó äiÿïàçîíi 46◦ Ñ < t < 60◦ Ñ, ÿâëÿ-
þòü ñîáîþ äîáðå ñòðóêòóðîâàíi ñìóãè â äiëÿíöi 260,
295, 310 òà 320 íì (ðèñ. 4, êðèâi 1, 1′, 1′′ òà 4, 4′, 4′′).
Iäåíòè÷íiñòü ñïåêòðiâ çáóäæåííÿ ñìóã ëþìiíåñöåíöi¨
ç λmax = 390, 415 i 430 íì äëÿ ñâiæîâèòèñíåíî¨ ëëÿíî¨
îëi¨ òà çðàçêiâ îëié, çiñòàðåíèõ ðiçíèì ÷àñîì çáåðiãà-
ííÿ, âêàçóþ¹ íà ¨õíþ íå òiëüêè îêèñíó ïðèðîäó.
À ñàìå: ñïåêòðàëüíå ïîëîæåííÿ ñìóã ëþìiíåñöåíöi¨

ç λmax = 390, 415, 430 íì òà ¨õíiõ ñïåêòðiâ çáóäæåí-
íÿ â äiëÿíöi 260, 295, 310, 320 íì äîáðå çáiãàþòüñÿ çi
ñïåêòðàëüíî-ëþìiíåñöåíòíèìè õàðàêòåðèñòèêàìè ïî-
ëiíåíàñè÷åíèõ æèðíèõ êèñëîò: ëiíîëåíîâî¨ (ω-3), ëi-
íîëåâî¨ (ω-6) òà àðàõiäîíîâî¨ â içîëüîâàíîìó âèãëÿäi
[20]. Öiëêîì ìîæëèâî, ùî íà ïåðøîìó åòàïi îêèñëåííÿ
ñâiæîâèòèñíóòî¨ ëëÿíî¨ îëi¨ ïåâíèé âíåñîê ó ëþìiíå-
ñöåíöiþ â äiëÿíöi 390�430 íì âíîñÿòü öi ïîëiíåíàñè-
÷åíi æèðíi êèñëîòè.
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Ðèñ. 5. Ñïåêòðè ôîòîëþìiíåñöåíöi¨ ëëÿíèõ îëié ðiçíî-
ãî òåðìiíó çáåðiãàííÿ ïiä ÷àñ çáóäæåííÿ ñâiòëîì ç
λexcit. = 350 íì (êðèâi 1�3): ñâiæîâèòèñíóòà îëiÿ � êðè-
âà 1; îëiÿ çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ
â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 2 ðîêiâ � êðèâà
2; îëiÿ, çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ
â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 5 ðîêiâ � êðè-
âà 3. Âñòàâêà: Çàëåæíiñòü iíòåíñèâíîñòi ñìóã ëþìiíåñöåí-
öi¨ îëi¨ âiä ÷àñó çáåðiãàííÿ: λmax1 = 470 íì � êðèâà 4;

λmax2 = 515 íì � êðèâà 5
Fig. 5. Photoluminescence spectra of linseed oils with di-
�erent storage times upon excitation by light with λexcit. =
350 nm (curves 1�3): freshly pressed oil � curve 1; oil aged
by oxidation under the condition of air access in a non-
hermetically closed container for 2 years � curve 2; oil aged
by oxidation under the condition of air access in a non-
hermetically closed container for 5 years � curve 3. Inset:
Dependence of the luminescence intensity bands λmax1 =
470 nm � curve 4; λmax2 = 515 nm � curve 5 from the

oil storage time

3801-4



×ÀÑÎÂI ÇÀËÅÆÍÎÑÒI ÑÏÅÊÒÐÀËÜÍÎ-ËÞÌIÍÅÑÖÅÍÒÍÈÕ ÂËÀÑÒÈÂÎÑÒÅÉ ËËßÍÈÕ ÎËIÉ

Ïðîàíàëiçóéìî äåòàëüíiøå ñìóãè ëþìiíåñöåíöi¨ ç
λmax = 470 òà 515 íì. Iíòåíñèâíiøèé ïðîÿâ öèõ ñìóã
ó ñïåêòðàõ ëþìiíåñöåíöi¨ çðàçêiâ çiñòàðåíî¨ îëi¨ (äèâ.
ðèñ. 3, êðèâi 2, 3 òà ðèñ. 5, êðèâi 2, 3), àíiæ ó ñïåêòðàõ
ëþìiíåñöåíöi¨ çðàçêiâ ñâiæîâèòèñíåíî¨ îëi¨ (êðèâi 1)
ïiäòâåðäæó¹ ¨õíþ îêèñíó ïðèðîäó [14, 19�22].

Ðèñ. 6. à) Ñïåêòðè çáóäæåííÿ ñìóã ôîòîëþìiíåñöåíöi¨ ç
λmax = 470 íì (êðèâà 1) òà îëi¨, çiñòàðåíî¨ îêèñëåííÿì
çà óìîâè äîñòóïó ïîâiòðÿ â íåãåðìåòè÷íî çàêðèòó òàðó
ïðîòÿãîì 2 ðîêiâ (êðèâà 2); á) Ñïåêòðè çáóäæåííÿ ñìóã
ôîòîëþìiíåñöåíöi¨ ç λmax = 515 íì (êðèâà 1) òà îëi¨,
çiñòàðåíî¨ îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ â íåãåð-

ìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 2 ðîêiâ (êðèâà 2)
Fig. 6. a) Photoluminescence excitation spectra of
λmax = 470 nm band � curve 1 and oil aged by oxidation
under the condition of air access in a non-hermetically
sealed container for 2 years � curve 2; b) Photoluminescence
excitation spectra of λmax = 515 nm band � curve 1 and
oil aged by oxidation under the condition of air access in a
non-hermetically sealed container for 2 years � curve 2

Îäíàê âàðòî çàóâàæèòè, ùî ëþìiíåñöåíöiÿ â äi-
ëÿíöi 515 íì òà ñïåêòð çáóäæåííÿ öi¹¨ ñìóãè ëþìi-
íåñöåíöi¨ (ðèñ. 6, êðèâi 1, 2) âiäïîâiäàþòü ñâi÷åííþ
âiòàìiíiâ Å, B2 i êàðîòèíó [23, 24]. Òàêå ñïåêòðàëüíå
ïåðåêðèòòÿ ñìóã ëþìiíåñöåíöi¨ ïðîäóêòiâ îêèñëåííÿ
ëëÿíî¨ îëi¨ òà âiòàìiíiâ Å, B2 i êàðîòèíó â ñïåêòðàëü-
íié äiëÿíöi 450�520 íì óñêëàäíþ¹ iäåíòèôiêàöiþ öèõ
âiòàìiíiâ. Îäíàê âiäìiííiñòü ñòðóêòóðè òà iíòåíñèâ-
íîñòi ñìóã ëþìiíåñöåíöi¨ ñâiæîâèòèñíåíî¨ òà çiñòàðå-
íî¨ îëié (äèâ. ðèñ. 5), ñòðóêòóðè ñïåêòðiâ çáóäæåí-
íÿ ëþìiíåñöåíöi¨ ñìóã ç ìàêñèìóìàìè â äiëÿíöi 470,
515 íì (ðèñ. 6,à i 6,á), õàðàêòåðíèõ äëÿ ñâiæîâèòè-
ñíóòèõ òà îëié, çiñòàðåíèõ ÷àñîì çáåðiãàííÿ, âêàçó¹
íà äîìiíàíòíèé âíåñîê ó öèõ ñïåêòðàõ ëþìiíåñöåíöi¨

îêèñíî¨ êîìïîíåíòè ëþìiíåñöåíöi¨, à ñàìå: ïðîäóêòiâ
ãiäðîëiçó [25], à òàêîæ ïðîäóêòiâ ïåðâèííîãî òà âòî-
ðèííîãî îêèñëåííÿ [8, 21, 25]. Âàæëèâî çàóâàæèòè,
ùî åôåêò ïîÿâè ó ñïåêòði çáóäæåííÿ ëþìiíåñöåíöi¨
ç λmax = 515 íì äîâãîõâèëüîâèõ ñìóã ó äiëÿíöi 350
i 370 íì ìîæå áóòè âèêîðèñòàíèé äëÿ iäåíòèôiêàöi¨
îêèñíèõ ïðîöåñiâ ó ëëÿíié îëi¨, à âiäòàê çàçíà÷åííÿ
÷àñó ¨¨ çáåðiãàííÿ.
Çàçíà÷èìî, ùî ñìóãè ëþìiíåñöåíöi¨ ç λmax = 520

òà 530 íì äëÿ îëèâêîâî¨ îëi¨ [15, 16, 24] òàêîæ ïðèïè-
ñóâàëè âiòàìiíó E òà êàðîòèíó (ïîïåðåäíèêó âiòàìiíó
À).

Ðèñ. 7. Ñïåêòðè ôîòîëþìiíåñöåíöi¨ ëëÿíèõ îëié ðiçíî-
ãî òåðìiíó çáåðiãàííÿ ó âèïàäêó çáóäæåííÿ ñâiòëîì ç
λexcit. = 405 íì (êðèâi 1�3): 1 � ñâiæîâèòèñíóòà îëiÿ;
2 � îëiÿ, çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ
â íåãåðìåòè÷íî çàêðèòó òàðó ïðîòÿãîì 2 ðîêiâ; 3 � îëiÿ,
çiñòàðåíà îêèñëåííÿì çà óìîâè äîñòóïó ïîâiòðÿ â íåãåðìå-
òè÷íî çàêðèòó òàðó ïðîòÿãîì 5 ðîêiâ; Âñòàâêà: çàëåæíiñòü
iíòåíñèâíîñòi ñìóã ëþìiíåñöåíöi¨ îëi¨ âiä ÷àñó çáåðiãàííÿ:
λmax1 = 515 íì � êðèâà 4 òà λmax2 = 675 íì � êðèâà 5
Fig. 7. Photoluminescence spectra of linseed oils with di-
�erent storage times upon excitation by light with λexcit. =
405 nm (curves 1�3): 1 � freshly pressed oil; 2 � oil aged
by oxidation under the condition of air access in a non-
hermetically sealed container for 2 years; 3 � oil aged by oxi-
dation under the condition of air access in a non-hermetically
sealed container for 5 years; Inset: dependence of the intensity
of oil luminescence bands on storage time: λmax1 = 515 nm

� curve 4 and λmax2 = 675 nm � curve 5

Ïiä ÷àñ çáóäæåííÿ ëþìiíåñöåíöi¨ ñâiæîîòðèìàíèõ
ëëÿíèõ îëié ñâiòëîâèìè êâàíòàìè ç äîâæèíîþ õâèëi
λexcit. = 405 íì ó ñïåêòðàõ ëþìiíåñöåíöi¨ ñâiæîâèòè-
ñíóòî¨ îëi¨ ðå¹ñòðó¹òüñÿ øèðîêà íååëåìåíòàðíà ñìóãà
ëþìiíåñöåíöi¨ ç ìàêñèìóìàìè â äiëÿíöi 470, 515, 568,
590 íì òà ñìóãà ç λmax = 675 íì (ðèñ. 7, êðèâi 1-3),
ÿêó ïðèïèñóþòü ïi ìåíòó õëîðîôiëó [14, 15, 24�26].
Äëÿ îëié ç òðèâàëèì ÷àñîì çáåðiãàííÿ (ïîíàä 2 ðîêè)
ó ñïåêòði ëþìiíåñöåíöi¨, çáóäæåíî¨ çà òàêèõ æå óìîâ,
iíòåíñèâíiñòü çãàäàíî¨ íååëåìåíòàðíî¨ ñìóãè âèïðîìi-
íþâàííÿ çðîñòà¹, à iíòåíñèâíiñòü ñìóãè ëþìiíåñöåíöi¨
õëîðîôiëó ç λmax = 675 íì çìåíøó¹òüñÿ, ùî âêà-
çó¹ íà ðîçïàä ÷è îêèñëåííÿ öüîãî ïi ìåíòó â ïðîöåñi
çáåðiãàííÿ îëi¨ (ðèñ. 7, âñòàâêà, êðèâi 4�5). Íåçíà÷íå
çáiëüøåííÿ iíòåíñèâíîñòi ñìóã ç λmax = 470, 515 òà
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ëþìiíåñöåíöi¨ â äiëÿíöi 568 i 590 íì ó ñïåêòði ëþìi-
íåñöåíöi¨ çiñòàðåíî¨ îëi¨ ïiäòâåðäæó¹ íàëåæíiñòü öèõ
ñìóã ëþìiíåñöåíöi¨ ïðîäóêòàì îêèñëåííÿ ëëÿíî¨ îëi¨.
Îäíàê çàóâàæèìî, ùî ïiäâèùåííÿ iíòåíñèâíîñòi îêè-
ñíèõ ñìóã ëþìiíåñöåíöi¨ ç λmax = 568 òà 590 íì
íiâåëþ¹ îêèñëåííÿ âiòàìiíiâ B2 i êàðîòèíó, ùî ñóïðî-
âîäæó¹òüñÿ ¨õ çìåíøåííÿì ïiä ÷àñ çáåðiãàííÿ îëi¨.

IV. ÂÈÑÍÎÂÊÈ

1. Ëþìiíåñöåíòíèé àíàëiç ëëÿíî¨ îëi¨ ïiäòâåðäæó¹
ëiòåðàòóðíi äàíi ïðî òå, ùî âîíà ìiñòèòü ëþìiíåñöåí-
òíî àêòèâíi ñïîëóêè: ôåíîë, òîêîôåðîë, ïîëiíåíàñè-
÷åíi æèðíi êèñëîòè (ëiíîëåâà, ëiíîëåíîâà, àðàõiäîíî-
âà), âiòàìiíè (B2, E), êàðîòèí (ïîïåðåäíèê âiòàìiíó
À), ïi ìåíò õëîðîôië òà ïðîäóêòè îêèñëåííÿ ñêëàäíè-
êiâ îëi¨.
2. Òðèâàëèé òåðìií çáåðiãàííÿ îëi¨ (ïîíàä 2 ðîêè)

ñïðè÷èíÿ¹: à) îêèñëåííÿ òà ðîçïàä ôåíîëiâ, òîêîôå-
ðîëiâ, ïîëiíåíàñè÷åíèõ æèðíèõ êèñëîò (ëiíîëåâî¨, ëi-
íîëåíîâî¨, àðàõiäîíîâî¨), âiòàìiíiâ B2 òà E, ùî ñóïðî-
âîäæó¹òüñÿ ïiäâèùåííÿì iíòåíñèâíîñòi ó ñïåêòðàõ
ëþìiíåñöåíöi¨ ñìóã ç ìàêñèìóìàìè λmax2 = 370,
390, 415, 430, 470, 515, 568 òà 590 íì; á) çìiíè ñòðó-
êòóðè ñïåêòðiâ çáóäæåííÿ ëþìiíåñöåíöi¨ ñïîëóê: ôå-
íîëiâ, òîêîôåðîëiâ, ïîëiíåíàñè÷åíèõ æèðíèõ êèñëîò
(ëiíîëåâî¨, ëiíîëåíîâî¨, àðàõiäîíîâî¨), âiòàìiíiâ B2 i
E, êàðîòèíó (ïîïåðåäíèêà âiòàìiíó À); â) çìåíøåííÿ
iíòåíñèâíîñòi ñìóã ëþìiíåñöåíöi¨ ôåíîëó, òîêîôåðîëó
òà ïi ìåíòó õëîðîôiëó.
3. Çìiíè â ñòðóêòóði ñïåêòðàëüíî-ëþìiíåñöåíòíèõ

õàðàêòåðèñòèê ñêëàäíèêiâ ëëÿíî¨ îëi¨: ôåíîëiâ, òîêî-
ôåðîëiâ, ïîëiíåíàñè÷åíèõ æèðíèõ êèñëîò (ëiíîëåâî¨,
ëiíîëåíîâî¨, àðàõiäîíîâî¨), âiòàìiíiâ B2 òà E, êàðîòè-
íó, ïi ìåíòó õëîðîôiëó òà ïðîäóêòiâ îêèñëåííÿ ñêëà-
äíèêiâ ëëÿíî¨ îëi¨ � ìîæóòü áóòè âèêîðèñòàíi äëÿ
iäåíòèôiêàö¨¨ îêèñíèõ ïðîöåñiâ îëi¨ ïiä ÷àñ ¨¨ çáåði-
ãàííÿ.

[1] A. Cert, W. Moreda, M. C. P�erez-Camino, J. Chro-
matogr. 881, 131 (2000); https://doi.org/10.1016/S0
021-9673(00)00389-7.

[2] I. F. Drozd, Byuleten Instytutu zernovoho hospodarstva
40, 72 (2011).

[3] A. H. Stark, Z. Madar, Nutr. Rev. 60, 170 (2002); https:
//doi.org/10.1301/002966402320243250.

[4] M. R. Ogborn, E. Nitschmann, N. Bankovic-Calic,
H. A. Weiler, H. Aukema, Lipids 37, 1059 (2002); https:
//doi.org/10.1007/s11745-002-1001-4.

[5] G. K. Paschos, F. Magkos, D. B. Panagiotakos,
V. Votteas, A. Zampelas, J. Clin. Nutr. 61, 1201 (2007);
https://doi.org/10.1038/sj.ejcn.1602631.

[6] T. Yamaguchi et al., Prostaglandins Leukot. Essent. Fat.
Acids 94, 83 (2015); https://doi.org/10.1016/j.plef
a.2014.11.009.

[7] H. Pereira et al., Mar. Drugs 10, 1920 (2012); https:
//doi.org/10.3390/md10091920.

[8] B. M. Berto, R. K. A. Garcia, G. D. Fernandes,
D. Barrera-Arellano, G. G. Pereira, Grasas y Aceites 71,
e337 (2020); https://doi.org/10.3989/gya.1059182.

[9] E. Sikorska et al., Int. J. Food Sci. Technol. 43,
52 (2008); https://doi.org/10.1111/j.1365-2621.20
06.01384.x.

[10] K. I. Poulli, G. A. Mousdis, C. A. Georgiou, Food Chem.
117, 499, (2009); https://doi.org/10.1016/j.foodch
em.2009.04.024.

[11] M. E. Khosroshahi, Opt. Photonics J. 8, 247 (2018); ht
tps://doi.org/10.4236/opj.2018.87021.

[12] Y. G. M. Kongbonga et al., Food Nutr. Sci. 2, 692 (2011);
https://doi.org/10.4236/fns.2011.27095.

[13] L. Mei, D. J. McClements, J. Wu, E. A. Decker, Food
Chem. 61, 307 (1998); https://doi.org/10.1016/S030
8-8146(97)00058-7.

[14] S. Myagkota et al., J. Fluoresc. 32, 1991 (2022); https:
//doi.org/10.1007/s10895-022-02993-4.

[15] N. Dupuy et al., J. Agric. Food. Chem. 53, 9361 (2005);
https://doi.org/10.1021/jf051716m.

[16] M. Zandomeneghi, L. Carbonaro, C. Ca�arata, J. Agric.
Food. Chem. 53, 759 (2005); https://doi.org/10.102
1/jf048742p.

[17] S. Kovalyshyn et al., Prz. Elektrotech. 2022, 79 (2022);
https://doi.org/10.15199/48.2022.01.13.

[18] P. Mishra, L. Lle�o, T. Cuadrado, M. Ruiz-Altisent,
N. Hern�andez-S�anchez, Eur. Food Res. Technol. 244,
565 (2018); https://doi.org/10.1007/s00217-017-2
984-1.

[19] E. Sikorska et al., Foods 8, 665 (2019); https://doi.or
g/10.3390/foods8120665.

[20] E. Sikorska, I. Khmelinskii, M. Sikorski, Analysis of Olive
Oils by Fluorescence Spectroscopy: Methods and Appli-
cations (IntechOpen, London, 2012). https://doi.org/
10.5772/30676.

[21] A. Lobo-Prieto, N. Tena, R. Aparicio-Ruiz, D. L. Garc��a-
Gonz�alez, E. Sikorska, Foods 9, 1846 (2020); https://
doi.org/10.3390/foods9121846.

[22] G. Corradini Maria et al., AIMS Biophys. 3, 319 (2016);
https://doi.org/10.3934/biophy.2016.2.319.

[23] P. Baltazar, N. Hern�andez-S�anchez, B. Diezma, L. Lle�o,
Agronomy 10, 41 (2020); https://doi.org/10.3390/ag
ronomy10010041.

[24] V. D. Silva et al., J. Spectrosc. 2005; https://doi.or
g/10.1155/2015/803705.

[25] N. B. Kyriakidis, P. Skarcalis, J. AOAC Int. 83, 1435
(2000); https://doi.org/10.1093/jaoac/83.6.1435.

[26] A. Lobo-Prieto et al., Food 9, 1846 (2020); https://do
i.org/10.3390/foods9121846.

3801-6

https://doi.org/10.1016/S0021-9673(00)00389-7
https://doi.org/10.1016/S0021-9673(00)00389-7
https://doi.org/10.1301/002966402320243250
https://doi.org/10.1301/002966402320243250
https://doi.org/10.1007/s11745-002-1001-4
https://doi.org/10.1007/s11745-002-1001-4
https://doi.org/10.1038/sj.ejcn.1602631
https://doi.org/10.1016/j.plefa.2014.11.009
https://doi.org/10.1016/j.plefa.2014.11.009
https://doi.org/10.3390/md10091920
https://doi.org/10.3390/md10091920
https://doi.org/10.3989/gya.1059182
https://doi.org/10.1111/j.1365-2621.2006.01384.x
https://doi.org/10.1111/j.1365-2621.2006.01384.x
https://doi.org/10.1016/j.foodchem.2009.04.024
https://doi.org/10.1016/j.foodchem.2009.04.024
https://doi.org/10.4236/opj.2018.87021
https://doi.org/10.4236/opj.2018.87021
https://doi.org/10.4236/fns.2011.27095
https://doi.org/10.1016/S0308-8146(97)00058-7
https://doi.org/10.1016/S0308-8146(97)00058-7
https://doi.org/10.1007/s10895-022-02993-4
https://doi.org/10.1007/s10895-022-02993-4
https://doi.org/10.1021/jf051716m
https://doi.org/10.1021/jf048742p
https://doi.org/10.1021/jf048742p
https://doi.org/10.15199/48.2022.01.13
https://doi.org/10.1007/s00217-017-2984-1
https://doi.org/10.1007/s00217-017-2984-1
https://doi.org/10.3390/foods8120665
https://doi.org/10.3390/foods8120665
https://doi.org/10.5772/30676
https://doi.org/10.5772/30676
https://doi.org/10.3390/foods9121846
https://doi.org/10.3390/foods9121846
https://doi.org/10.3934/biophy.2016.2.319
https://doi.org/10.3390/agronomy10010041
https://doi.org/10.3390/agronomy10010041
https://doi.org/10.1155/2015/803705
https://doi.org/10.1155/2015/803705
https://doi.org/10.1093/jaoac/83.6.1435
https://doi.org/10.3390/foods9121846
https://doi.org/10.3390/foods9121846


×ÀÑÎÂI ÇÀËÅÆÍÎÑÒI ÑÏÅÊÒÐÀËÜÍÎ-ËÞÌIÍÅÑÖÅÍÒÍÈÕ ÂËÀÑÒÈÂÎÑÒÅÉ ËËßÍÈÕ ÎËIÉ

TIME DEPENDENCIES OF THE SPECTRAL-LUMINESCENT PROPERTIES OF LINSEED OILS

S. Myagkota1, R. Shevchuk1, O. Sukach1, A. Pushak2, J. Len3 O. Mazurak1, I. Solovodzinska1,
H. Uiheliy1, O. Golubets4, T. Malyy5
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4, Metrologichna St., Kyiv, UA�03143, Ukraine,
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The research investigates the spectral-luminescent properties of linseed oils obtained through cold
pressing, depending on the storage duration under domestic conditions (in a refrigerator at 4 ◦Ñ, in
the absence of sunlight). We recorded a notable decline in the luminescence intensity bands of the oil
components (tocopherols, polyunsaturated fatty acids, vitamins, pigments) alongside an escalation in the
luminescence intensity of their oxidation products, correlating with the duration of oil storage under
domestic conditions. Our �ndings indicate that prolonged oil storage (exceeding two years) results in
the oxidation and degradation of phenols, tocopherols, polyunsaturated fatty acids (linoleic, linolenic,
arachidonic), vitamins B2 and E, precursor of vitamin A (carotene), chlorophyll pigment.

Key words: linseed oil, polyunsaturated fatty acids, carotene, vitamin B2, chlorophyll, oxidation
products, tocopherol, phenol.
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