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Äîñë³äæåíî ïðîöåñ ã³äðîë³çó ³íóë³íó ëèìîííîþ êèñëîòîþ äëÿ ïîòðåá õàð÷îâî¿ ïðî-
ìèñëîâîñò³. Âèá³ð ëèìîííî¿ êèñëîòè ÿê êàòàë³çàòîðà ïðîöåñó ã³äðîë³çó çóìîâëåíèé
¿¿ â³äíîñíî ì’ÿêîþ ä³ºþ íà ðîñëèíí³ îá’ºêòè ïðè íàãð³âàíí³, ùî çàáåçïå÷óº ïåðåá³ã
ã³äðîë³çó ïîë³ñàõàðèäó, àëå íå ïðèâîäèòü äî óòâîðåííÿ ïîì³òíî¿ ê³ëüêîñò³ ïîá³÷íèõ
ïðîäóêò³â. Ïîòî÷íèé êîíòðîëü ïðîöåñó çä³éñíþâàëè çà äîïîìîãîþ âèçíà÷åííÿ ðå-
äóêóþ÷èõ ðå÷îâèí (ÐÐ) ó äîáóòèõ ïðîäóêòàõ ³ òîíêîøàðîâî¿ õðîìàòîãðàô³¿ â çàêð³-
ïëåíîìó øàð³. Çàãàëüíèé âì³ñò âóãëåâîä³â ³ âóãëåâîäíèé ñêëàä ïðîäóêò³â âèçíà÷àëè
òàêîæ ³ç äîïîìîãîþ âèñîêîåôåêòèâíî¿ ð³äèííî¿ õðîìàòîãðàô³¿. Äëÿ âèçíà÷åííÿ
îïòèìàëüíèõ ðåæèì³â ïðîöåñó ã³äðîë³çó âèâ÷åíî çàëåæíîñò³ (çà ô³êñîâàíîãî çíà-
÷åííÿ 30% âèõ³äíî¿ êîíöåíòðàö³¿ öèêîð³þ â ñóñïåíç³ÿõ) ïîâíîòè ã³äðîë³çó â³ä
ê³ëüêîñò³ äîäàíî¿ ëèìîííî¿ êèñëîòè, òåìïåðàòóðè òà òðèâàëîñò³ ïðîöåñó. Â óñ³õ
âèïàäêàõ ñïîñòåð³ãàëîñÿ çðîñòàííÿ âì³ñòó ÐÐ â ã³äðîë³çàòàõ â³äïîâ³äíî çðîñòàííþ
ä³þ÷èõ ôàêòîð³â (Ñê-òè, t, ) äî îïòèìàëüíèõ çíà÷åíü, âèùå ÿêèõ ³íòåíñèô³êóâàëèñÿ
ïîá³÷í³ ðåàêö³¿. Âñòàíîâëåíî îïòèìàëüí³ ðåæèìè ã³äðîë³çó ³íóë³íó (Ñê-òè=0,8%, t=650,
=120 õâ) òà äëÿ ïîðîøêó ñóøåíîãî öèêîð³þ (Ñê-òè=0,9–1,0%, t=650, =120 õâ). Íà
îñíîâ³ âèçíà÷åíèõ îïòèìàëüíèõ ïàðàìåòð³â ã³äðîë³çó öèêîðíî¿ ñèðîâèíè ëèìîí-
íîþ êèñëîòîþ ðîçðîáëåíî òåõíîëîã³÷íó ñõåìó îäåðæàííÿ ôðóêòîçî-îë³ãîñàõàðèä-
íèõ ïðîäóêò³â ç³ çáåðåæåííÿì ó ê³íöåâîìó ïðîäóêò³ ìàêñèìàëüíî¿ ê³ëüêîñò³ ö³ííèõ
ì³íåðàëüíèõ òà îðãàí³÷íèõ êîìïîíåíò³â öèêîð³þ.

Êëþ÷îâ³ ñëîâà: ³íóë³í, ã³äðîë³ç, îë³ãîñàõàðèäè, ëèìîííà êèñëîòà, öóêðîçàì³ííèêè.

Âñòóï

Ñó÷àñíà íàóêà ïðî õàð÷óâàííÿ âèìàãàº íî-
âèõ ï³äõîä³â äî ôîðìóâàííÿ ðàö³îíó ëþäèíè â
óìîâàõ ñó÷àñíî¿ öèâ³ë³çàö³¿. Äî òàêèõ çàäà÷, ïåðø
çà âñå, ñë³ä â³äíåñòè ñòâîðåííÿ òåõíîëîã³é ÿê³ñ-
íî íîâèõ áåçïå÷íèõ õàð÷îâèõ ïðîäóêò³â ç³ ñïðÿ-
ìîâàíîþ çì³íîþ õ³ì³÷íîãî ñêëàäó, ÿê³ ìàþòü
â³äïîâ³äàòè ïîòðåáàì ð³çíèõ â³êîâèõ ³ ñîö³àëü-
íèõ ãðóï íàñåëåííÿ ³ ìàòè ë³êóâàëüíî-ïðîô³ëàê-
òè÷í³ ôóíêö³¿ [1,2].

Ó âèðîáíèöòâ³ öóêðèñòèõ ðå÷îâèí òàêèì
îäíèì ³ç øëÿõ³â ðîçâèòêó òåõíîëîã³é ïðîäóêò³â
îçäîðîâ÷î-ïðîô³ëàêòè÷íîãî ïðèçíà÷åííÿ ìîæå
ñòàòè âèðîáíèöòâî çàì³ííèê³â öóêðó âóãëåâîä-
íî¿ ãðóïè.

Òåíäåíö³ÿ äî çàì³íè ñàõàðîçè ³íøèìè ñïî-
ëóêàìè ïîâ’ÿçàíà ç ¿¿ âèñîêîþ ïèòîìîþ åíåð-
ãîºìí³ñòþ òà ëåãêèì çàñâîþâàííÿì, ùî ïðè
ï³äâèùåíèõ íîðìàõ âæèâàííÿ (â òîìó ÷èñë³ ó
âèãëÿä³ öóêðîâì³ñíèõ ïðîäóêò³â – öóêåðîê, âà-
ðåííÿ øîêîëàäó òà ³í.), îñîáëèâî ïðè íèçüê³é

ô³çè÷í³é àêòèâíîñò³, ìîæå ïðèâåñòè äî òÿæêèõ
ïîðóøåíü âóãëåâîäíîãî òà æèðîâîãî îáì³íó òà
ñïðèÿòè ðîçâèòêó çàõâîðþâàíü, ïîâ’ÿçàíèõ ç
íàäëèøêîâîþ êàëîð³éí³ñòþ ðàö³îíó (öóêðîâèé
ä³àáåò, àòåðîñêëåðîç òîùî), à òàêîæ º îäíèì ³ç
ïàòîãåííèõ ôàêòîð³â êàð³ºñó çóá³â.

Òîìó àêòóàëüíèì º ðîçðîáëåííÿ â³ò÷èçíÿ-
íèõ ïðîäóêò³â õàð÷óâàííÿ ë³êóâàëüíî-ïðîô³ëàê-
òè÷íîãî ïðèçíà÷åííÿ íà îñíîâ³ ì³ñöåâî¿ ðîñëèí-
íî¿ ñèðîâèíè, çîêðåìà òèõ ùî ì³ñòÿòü ïîë³ñàõà-
ðèä ³íóë³í. Âàæëèâèì íàïðÿìîì òàêèõ ðîçðî-
áîê º ïðîìèñëîâå ïåðåðîáëåííÿ êîðåíåïëîä³â
öèêîð³þ, áàãàòîãî íà âåëèêó ê³ëüê³ñòü ö³ííèõ á³-
îëîã³÷íî àêòèâíèõ ñïîëóê ïðîòåêòîðíî¿ òà ïðå-
á³îòè÷íî¿ ä³¿ – ç ìåòîþ äîáóâàííÿ ôðóêòîçî-îë³-
ãîñàõàðèäíèõ ñèðîï³â äëÿ ïîäàëüøîãî çàñòîñó-
âàííÿ ó âèðîáíèöòâ³ ïðîäóêö³¿ îçäîðîâ÷îãî õàð-
÷óâàííÿ.

Âñ³ âèùåçàçíà÷åí³ âëàñòèâîñò³ ìàº ðîñëèí-
íà ñèðîâèíà êîðåíåïëîä³â öèêîð³þ, ÿêà îêð³ì
âèñîêîãî âì³ñòó ïîë³ñàõàðèäó ³íóë³íó, âèñîêî-
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òåõíîëîã³÷íà ó ïðîöåñàõ äîáóâàííÿ õàð÷îâèõ
ïðîäóêò³â ïðîô³ëàêòè÷íîãî ïðèçíà÷åííÿ [3,4].

Òåîðåòè÷íà ÷àñòèíà

Ôðóêòîôóðàíîçí³ ëàíêè ìîëåêóëè ³íóë³íó
ñïîëó÷åí³ ,21 ãë³êîçèäíèìè çâ’ÿçêàìè, ùî
çóìîâëþº â³äíîñíî ëåãêå ðîçùåïëåííÿ çâ’ÿçêó.
Çà ì³ðîþ ðîçðèâó ãë³êîçèäíèõ çâ’ÿçê³â â ïðîöåñ³
ã³äðîë³çó â³äáóâàºòüñÿ äåïîë³ìåðèçàö³ÿ ìîëåêóë
³íóë³íó é óòâîðþþòüñÿ ìåíø³ ôðàãìåíòè – ³íó-
ëîîë³ãîñàõàðèäè ³ ìîíîìåð – ôðóêòîçà. Ïðè öüî-
ìó ôðóêòîçà, ÿêà âèâ³ëüíþºòüñÿ ç ïîë³ìåðíîãî
ëàíöþãà, ïåðåòâîðþºòüñÿ ç íåñò³éêî¿ ôóðàíî-
çíî¿ ôîðìè â á³ëüø ñò³éêó ï³ðàíîçíó. Åíåðã³ÿ
àêòèâàö³¿ ðîçêëàäó ôðóêòîçè â ñåðåäîâèùàõ ç
ðÍ<3 ñêëàäàº 93 êÄæ/ìîëü, à â ñåðåäîâèùàõ ç
ðÍ<4 – 77,1 êÄæ/ìîëü, ùî çíà÷íî ìåíøå çà
â³äïîâ³äí³ ïîêàçíèêè äëÿ ãëþêîçè òà ñàõàðîçè.
Çâàæàþ÷è íà íåçíà÷íó òåðìîñòàá³ëüí³ñòü ôðóê-
òîçè, ïðè âèêîíàíí³ ã³äðîë³çó ñë³ä ìàòè íà óâàç³,
ùî òðèâàë³ òåõíîëîã³÷í³ ñòàä³¿ (íàïðèêëàä, óâà-
ðþâàííÿ ñèðîï³â) ñë³ä çä³éñíþâàòè çà ìîæëèâî
íèæ÷èõ òåìïåðàòóð (áàæàíî íå âèùå 650).
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Òàêèì ÷èíîì, ã³äðîë³ç ³íóë³íó º îäíèì ³ç
àëüòåðíàòèâíèõ øëÿõ³â äîáóâàííÿ ôðóêòîçè, à
òàêîæ ïîë³ìåðãîìîëîã³â ³íóë³íó íèæ÷îãî ñòóïå-

íÿ ïîë³ìåðèçàö³¿. êèñëîòíèé ã³äðîë³ç çà âèñîêèõ
òåìïåðàòóð â ñèëüíîêèñëîìó ñåðåäîâèù³ º ìà-
ëîåôåêòèâíèì ç òî÷êè çîðó âòðàò âèõ³äíîãî á³-
îïîë³ìåðó íà ïîá³÷í³ ïðîöåñè.

Òîìó òðåáà øóêàòè òàê³ óìîâè ã³äðîë³çó, â
ÿêèõ áóëè áè ìàêñèìàëüíî ïðèãí³÷åí³ àáî íå-
ìîæëèâ³ ïîá³÷í³ ïðîöåñè, ùî ïðèâîäÿòü äî óò-
âîðåííÿ çíà÷íî¿ ê³ëüêîñò³ ïîá³÷íèõ ïðîäóêò³â,
òîáòî äî çàáðóäíåííÿ ã³äðîë³çàò³â ³ çíà÷íî¿  âòðà-
òè âóãëåâîä³â ïîð³âíÿíî ç âèõ³äíîþ ê³ëüê³ñòþ.
Çàñòîñóâàííÿ îðãàí³÷íèõ êèñëîò ÿê êàòàë³çàòîð³â
ã³äðîë³çó ïîâèííå ìàòè íèçêó ïåðåâàã ïîð³âíÿ-
íî ç ì³íåðàëüíèìè ç òî÷êè çîðó ïîì’ÿêøåííÿ
óìîâ ïðîöåñó çà ðàõóíîê áóôåðíî¿ ä³¿, êîìïëåê-
ñîóòâîðåííÿ òîùî.

Äëÿ äîáóâàííÿ ôðóêòîçî-îë³ãîñàõàðèäíèõ
ñèðîï³â, çáàãà÷åíèõ êîìïëåêñîì ïðîòåêòîðíèõ,
á³îëîã³÷íî-àêòèâíèõ ðå÷îâèí ³ õàð÷îâèìè âîëîê-
íàìè ðîñëèííî¿ ñèðîâèíè (êîðåíåïëîä³â öèêî-
ð³þ), äîñë³äæóâàëè ïåðåá³ã ã³äðîë³çó ðîñëèííî¿
ñèðîâèíè öèêîð³þ ó âèãëÿä³ ïîäð³áíåíèõ ñâ³æèõ
êîðåíåïëîä³â, à òàêîæ ïîðîøê³â ñóøåíîãî öè-
êîð³þ âèðîáíèöòâà Ñëàâóòñüêîãî öèêîð³ºñó-
øèëüíîãî çàâîäó. Ã³äðîë³ç çä³éñíþâàëè çà äîïî-
ìîãîþ õàð÷îâî¿ ëèìîííî¿ êèñëîòè ó ñóñïåíç³¿
öèêîð³þ (ÿê ñâ³æèõ êîðåíåïëîä³â, òàê ³ ïîðîøê³â)
ïðè íàãð³âàíí³.

Âèá³ð ëèìîííî¿ êèñëîòè ÿê êàòàë³çàòîðà
ïðîöåñó ã³äðîë³çó áóâ çóìîâëåíèé, ïî-ïåðøå, ¿¿
â³äíîñíî ì’ÿêîþ ä³ºþ íà ðîñëèíí³ îá’ºêòè ïðè
íàãð³âàíí³, ùî çàáåçïå÷óº ïåðåá³ã ã³äðîë³çó ïîë³-
ñàõàðèäó, ç îäíîãî áîêó, àëå íå ïðèâîäèòü äî
óòâîðåííÿ ïîì³òíî¿ ê³ëüêîñò³ ïîá³÷íèõ íåáàæà-
íèõ ïðîäóêò³â, ç ³íøîãî áîêó [5–7]. Ïî-äðóãå,
ö³ëüîâèì ïðèçíà÷åííÿì âèêîðèñòàííÿ äîáóòèõ
ôðóêòîçî-îë³ãîñàõàðèäíèõ ñèðîï³â áóëî ¿õ çàñ-
òîñóâàííÿ ó âèðîáíèöòâ³ íàïî¿â òà ìîðîçèâà, â
ðåöåïòóðàõ ÿêèõ ïåðåäáà÷åíå äîäàâàííÿ ëèìîí-
íî¿ êèñëîòè. Òîìó çàñòîñóâàííÿ ö³º¿ êèñëîòè äëÿ
çä³éñíåííÿ ã³äðîë³çó íå ïîòðåáóâàëî ïîäàëüøî-
ãî â³äîêðåìëåííÿ êàòàë³çàòîðà ç óòâîðåíîãî ôðóê-
òîçî-îë³ãîñàõàðèäíîãî ïðîäóêòó, òîáòî âèêëþ-
÷àëî ñòàä³þ äîäàòêîâîãî î÷èùåííÿ ïðîäóêòó.
Êð³ì òîãî, âèðîáíè÷íèêàìè Ñëàâóòñüêîãî öè-
êîð³ºñóøèëüíîãî çàâîäó áóëî ïîì³÷åíî, ùî äî-
äàâàííÿ ëèìîííî¿ êèñëîòè â ð³çí³ âóãëåâî-
äîâì³ñí³ ïðîäóêòè òà ñèðîïè ïåðåøêîäæàº ¿õ
êðèñòàë³çàö³¿. Öå ÿâèùå âèìàãàº ñïåö³àëüíîãî
äîñë³äæåííÿ, àëå ìîæíà ïðèïóñòèòè, ùî â öüî-
ìó â³ä³ãðàº ðîëü çäàòí³ñòü ëèìîííî¿ êèñëîòè óò-
âîðþâàòè äîáðå ðîç÷èíí³ êîìïëåêñè ç âóãëåâî-
äàìè.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Â ïåðø³é ÷àñòèí³ äîñë³äæåííÿ âèâ÷àëè
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ê³íåòèêó ã³äðîë³çó ³íóë³íó â ñëàáêîêèñëîìó ñå-
ðåäîâèù³ (ðÍ 3,5–4,5) ïðè 70–900Ñ. Äëÿ äîñë³ä³â
ãîòóâàëè 15%-îâ³ ðîç÷èíè ³íóë³íó íà öèòðàòíî-
ôîñôàòíîìó áóôåðíîìó ðîç÷èí³. Ðåçóëüòàòè
äîñë³ä³â ñâ³ä÷èëè, ùî ó ñëàáîêèñëîìó ñåðåäî-
âèù³ çà çàçíà÷åíèõ òåìïåðàòóð ã³äðîë³ç ³íóë³íó
â³äáóâàºòüñÿ íàéá³ëüø ³íòåíñèâíî â ðîç÷èíàõ ç
ðÍ 3,5. Çàëåæí³ñòü lgÑ (äå Ñ – êîíöåíòðàö³ÿ
óòâîðþâàíèõ ÐÐ) â³ä òðèâàëîñò³ ïðîöåñó çàäî-
â³ëüíî àïðîêñèìóºòüñÿ ð³âíÿííÿì ïðÿìî¿, ùî
ïðèòàìàííå ðåàêö³ÿì ïåðøîãî ïîðÿäêó. Â äðóã³é
÷àñòèí³ äîñë³äæåííÿ áóëè çì³íåí³ ïàðàìåòðè
êîíöåíòðàö³é ðîñëèííî¿ ñèðîâèíè, ùî ì³ñòèòü
ïîë³ñàõàðèä ³íóë³í, ëèìîííî¿ êèñëîòè òà òåìïå-
ðàòóðè.

Ðåçóëüòàòè  òà ¿õ îáãîâîðåííÿ

Äëÿ âèçíà÷åííÿ îïòèìàëüíèõ ðåæèì³â ïðî-
öåñó ã³äðîë³çó ïðè êàòàë³òè÷í³é ä³¿ ëèìîííî¿
êèñëîòè íàìè áóëè âèâ÷åí³ òàê³ çàëåæíîñò³ (çà
ô³êñîâàíîãî çíà÷åííÿ âèõ³äíî¿ êîíöåíòðàö³¿
öèêîð³þ â ñóì³øàõ, ùî äîð³âíþâàëà 30% ó ñóñ-
ïåíç³ÿõ ïîðîøê³â):

à) çàëåæí³ñòü ïîâíîòè ã³äðîë³çó (çà âì³ñòîì
ÐÐ) â³ä ê³ëüêîñò³ äîäàíî¿ ëèìîííî¿ êèñëîòè (çà
ñòàëèõ çíà÷åíü òåìïåðàòóðè òà òðèâàëîñò³ ïðî-
öåñó);

á) çàëåæí³ñòü ïîâíîòè ã³äðîë³çó â³ä òåìïå-
ðàòóðè (çà ñòàëèõ çíà÷åíü òðèâàëîñò³ ïðîöåñó ³
ô³êñîâàíî¿ âèõ³äíî¿ ê³ëüêîñò³ ëèìîííî¿ êèñëî-
òè);

â) çàëåæí³ñòü ïîâíîòè ã³äðîë³çó â³ä òðèâà-
ëîñò³ ïðîöåñó (çà ñòàëèõ çíà÷åíü òåìïåðàòóðè ³
ô³êñîâàíî¿ âèõ³äíî¿ ê³ëüêîñò³ ëèìîííî¿ êèñëî-
òè).

Áóëî âñòàíîâëåíî, ùî ÿê äëÿ êàøêè ïîä-
ð³áíåíèõ ñâ³æèõ êîðåíåïëîä³â, òàê ³ äëÿ ïîðîø-
êó öèêîð³þ çá³ëüøåííÿ ê³ëüêîñò³ äîäàíî¿ ëèìîí-

íî¿ êèñëîòè â ìåæàõ äî 0,4% (äî âçÿòîãî â ðåàê-
ö³þ öèêîð³þ) ïðèâîäèòü äî ïðîïîðö³éíîãî çðî-
ñòàííÿ âèõîäó ÐÐ â óòâîðåíîìó ïðîäóêò³. Çðîñ-
òàííÿ â³äñîòêîâîãî âì³ñòó ëèìîííî¿ êèñëîòè
âèùå 0,4% íà ãðàô³êó â³äîáðàæàºòüñÿ â³äõèëåí-
íÿì â³ä ïðÿìî ïðîïîðö³éíî¿ çàëåæíîñò³ òà ïðè-
âîäèòü äî ãîðèçîíòàëüíî¿ ä³ëÿíêè, ïî÷àòîê ÿêî¿
â³äïîâ³äàº îïòèìàëüíîìó çíà÷åííþ ê³ëüêîñò³
äîäàíî¿ ëèìîííî¿ êèñëîòè. Ïîäàëüøå çá³ëüøåí-
íÿ â³äíîñíîãî âì³ñòó êèñëîòè â³äîáðàæàºòüñÿ
äåÿêèì â³äõèëåííÿì êðèâî¿ äî îñ³ àáñöèñ, ùî
ìîæå ïîÿñíþâàòèñü ³íòåíñèô³êàö³ºþ ïîá³÷íèõ
ïðîöåñ³â ï³ä âïëèâîì íàäëèøêîâî¿ ê³ëüêîñò³
êèñëîòè, ùî ïðèâîäèòü äî ðîçêëàäó óòâîðåíî¿
ôðóêòîçè òà âòîðèííèõ âçàºìîä³é.

Çàëåæí³ñòü âì³ñòó ÐÐ ó ã³äðîë³çàòàõ öèêî-
ð³þ â³ä òåìïåðàòóðè, çà ÿêî¿ çä³éñíþºòüñÿ
ã³äðîë³ç, â³äîáðàæàºòüñÿ êðèâîþ ç ÷³òêî âèðàæå-
íèì ìàêñèìóìîì. Öåé ï³ê íà êðèâ³é â³äïîâ³äàº
îïòèìàëüí³é òåìïåðàòóð³ ïðîöåñó. Íàïðèêëàä,
íà ðèñ. 1 íàâåäåíà çàëåæí³ñòü âì³ñòó ÐÐ ó ã³äðî-
ë³çàòàõ â³ä òåìïåðàòóðè äëÿ ñóøåíîãî ïîðîøêó
öèêîð³þ çà ñòàëî¿ òðèâàëîñò³ ïðîöåñó (=120 õâ)
³ âèõ³äíîãî âì³ñòó ëèìîííî¿ êèñëîòè – 0,9% (à)
òà 1,0% (á).

Çà òåìïåðàòóð íèæ÷èõ çà îïòèìàëüíó, òîá-
òî 650Ñ, ã³äðîë³ç â³äáóâàºòüñÿ äîñèòü ïîâ³ëüíî, à
âèùå 650Ñ âèõ³ä ÐÐ ñïàäàº çà ðàõóíîê ðîçêëàäó
ôðóêòîçè òà ³íòåíñèô³êàö³¿ ïîá³÷íèõ ïðîöåñ³â.
ßê âèäíî ç ðèñ. 2, íà ÿêîìó íàâåäåíî ïðèêëàä
çàëåæíîñò³ âì³ñòó ÐÐ ó ã³äðîë³çàòàõ öèêîð³þ â³ä
òðèâàëîñò³ ã³äðîë³çó çà ñòàëî¿ òåìïåðàòóðè (ÿêà
º îïòèìàëüíîþ) òà ô³êñîâàíèõ âèõ³äíèõ çíà÷åíü
âì³ñòó ëèìîííî¿ êèñëîòè, çá³ëüøåííÿ òðèâàëîñò³
ã³äðîë³çó äî ïåâíîãî îïòèìàëüíîãî çíà÷åííÿ (çà
äàíèõ óìîâ öå 120 õâ) ïðèâîäèòü äî çðîñòàííÿ
â³äíîñíîãî âì³ñòó ÐÐ. Ïîäàëüøå çðîñòàííÿ òðè-

Ðèñ. 1. Çàëåæí³ñòü âì³ñòó ÐÐ ó ã³äðîë³çàòàõ â³ä òåìïåðàòóðè äëÿ ñóøåíîãî ïîðîøêó öèêîð³þ çà ñòàëî¿ òðèâàëîñò³ ïðîöåñó

(=120 õâ) ³ âèõ³äíîãî âì³ñòó ëèìîííî¿ êèñëîòè – 0,9 òà 1,0%



93

Hydrolysis of inulin using citric acid for the preparation of fructose-oligosaccharide products of food industry

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 3, pp. 90-95

0

10

20

30

40

50

60

70

80

90

100

10 20 30 45 60 80 100 140 160 180 200 220 240 260

Тривалість гідролізу, хв

В
и

х
ід

 Р
Р

,%

Ðèñ. 2. Çàëåæíîñò³ âì³ñòó ðåäóêóþ÷èõ ðå÷îâèí ó ã³äðîë³çàòàõ öèêîð³þ â³ä òðèâàëîñò³ ã³äðîë³çó çà ñòàëî¿ òåìïåðàòóðè

(ÿêà º îïòèìàëüíîþ) òà ô³êñîâàíèõ âèõ³äíèõ çíà÷åíü âì³ñòó ëèìîííî¿ êèñëîòè

ôóãàõ áåçïåðåðâíî¿ ä³¿, ï³ääàºòüñÿ  îáðîáö³ ëè-
ìîííîþ êèñëîòîþ ó ê³ëüêîñò³ 0,8–1,0% äî ìàñè
ïåðåðîáëåíîãî öèêîð³þ. Ïðè ïåðåðîáëåíí³ ñó-
øåíîãî öèêîð³þ ïîðîøîê çàìî÷óþòü ó ñï³ââ³äíî-
øåíí³ 30 ÷àñòèí ïîðîøêó öèêîð³þ íà 70 ÷àñòèí
âîäè ³ ïîäàþòü ó ðåàêòîð ã³äðîë³çó ç ëèìîííîþ
êèñëîòîþ. Ïðè öüîìó â³äáóâàºòüñÿ ã³äðîë³ç ³íó-
ë³íó ç óòâîðåííÿì ôðóêòîçè ³ ôðóêòî-îë³ãîñàõà-
ðèä³â. Ï³ñëÿ ðåàêòîðà ã³äðîë³çîâàíèé ñ³ê ïîäàºòü-
ñÿ íà âàêóóì-ô³ëüòðè äëÿ â³äîêðåìëåííÿ îñàäó,
óòâîðåíîãî ðå÷îâèíàìè êîëî¿äíîãî ñòóïåíÿ äèñ-
ïåðñíîñò³. Äàë³ ô³ëüòðàò ïîäàºòüñÿ íà îñâ³òëåí-
íÿ àêòèâîâàíèì âóã³ëëÿì, ô³ëüòðóºòüñÿ, à ïîò³ì
çãóùóºòüñÿ íà ïë³âêîâèõ âàêóóì-àïàðàòàõ ñèñ-
òåìè Â³ãàíäà äî âì³ñòó ñóõèõ ðå÷îâèí 80–85%,
ùî çàïîá³ãàº ðîçìíîæåííþ ì³êðîîðãàíèçì³â ó
ãîòîâîìó ïðîäóêò³. Îäåðæàíèé ñèðîï ìàº äîá-
ðîÿê³ñí³ñòü 92-94%, ó òàêîìó âèãëÿä³ â³í ³ ôà-
ñóºòüñÿ ó íå³ðæàâ³þ÷ó òàðó.

Ã³äðîë³ç ³íóë³íó ïðîâîäÿòü ó ðåàêòîðàõ ç
ì³øàëêîþ ïðè òåìïåðàòóð³ íå á³ëüøå 650C âïðî-
äîâæ 120 õâèëèí; öå çóìîâëåíî íåîáõ³äí³ñòþ
çàïîá³ãàííÿ ïåðåõîäó â ã³äðîë³çàò ðå÷îâèí êî-
ëî¿äíîãî ñòóïåíÿ äèñïåðñíîñò³ [8,9]. ßê êàòàë³-
çàòîð ïðîïîíóºòüñÿ âèêîðèñòîâóâàòè ëèìîííó
êèñëîòó â ê³ëüêîñò³ 0,8% äî ìàñè ïåðåðîáëåíîãî
öèêîð³þ. Ïðè öüîìó pH ðåàêö³éíî¿ ñóì³ø³ çìåí-
øóºòüñÿ äî 3,0. Âèá³ð ëèìîííî¿ êèñëîòè äëÿ
ïðèñêîðåííÿ ïðîöåñó ã³äðîë³çó çóìîâëåíèé òèì,
ùî ïðè öüîìó íå â³äáóâàºòüñÿ ð³çêîãî ïàä³ííÿ
pH, ùî, ó ñâîþ ÷åðãó, ìîæå ïðîâîêóâàòè íåáà-
æàíå óòâîðåííÿ êîìïëåêñ³â á³ëêîâèõ ðå÷îâèí ç
âèâ³ëüíåíîþ ôðóêòîçîþ. Ùå îäíèì ôàêòîðîì
âèáîðó ëèìîííî¿ êèñëîòè º òå, ùî ¿¿ çàëèøîê ó
ê³ëüêîñò³ 0,02%, ÿêèé ëèøàºòüñÿ ó ã³äðîë³çàò³,
ö³ëêîì áåçïå÷íèé äëÿ âèêîðèñòàííÿ â ïîäàëü-
øîìó âèðîáíèöòâ³ õàð÷îâèõ ïðîäóêò³â ³ íå ïî-
òðåáóº äîäàòêîâîãî âèâåäåííÿ ç ã³äðîë³çîâàíîãî

âàëîñò³ îáðîáëåííÿ â³äîáðàæàºòüñÿ íà ãðàô³êó
â³äõèëåííÿì êðèâî¿ çàëåæíîñò³ äî îñ³ àáñöèñ –
çà ðàõóíîê ðîçêëàäó ö³ëüîâî¿ ñïîëóêè òà âòîðèí-
íèõ ïðîöåñ³â.

Òàêèì ÷èíîì, ó ðåçóëüòàò³ äîñë³äæåííÿ
âì³ñòó ðåäóêóþ÷èõ ðå÷îâèí ó ã³äðîë³çàòàõ öèêî-
ð³þ ïðè êàòàë³òè÷í³é ä³¿ ëèìîííî¿ êèñëîòè áóëè
âñòàíîâëåí³ òàê³ îïòèìàëüí³ ðåæèìè ïðîöåñó
ã³äðîë³çó: äëÿ ñòåðòèõ ñâ³æèõ êîðåíåïëîä³â
ê³ëüê³ñòü äîäàíî¿ ëèìîííî¿ êèñëîòè ñòàíîâèëà
0,8%, òåìïåðàòóðà – 650Ñ, òðèâàë³ñòü ã³äðîë³çó
–120 õâ; äëÿ ñóñïåíç³é ïîðîøê³â ñóøåíîãî öè-
êîð³þ (30 ã ïîðîøêó öèêîð³þ íà 100 ã ñóñïåíç³¿),
â³äïîâ³äíî, ê³ëüê³ñòü äîäàíî¿ ëèìîííî¿ êèñëîòè
ñòàíîâèëà 0,9–1,0%, òåìïåðàòóðà – 650Ñ, òðè-
âàë³ñòü ã³äðîë³çó – 120 õâ.

¥ðóíòóþ÷èñü íà ïðîìèñëîâèõ âèìîãàõ ³
ïîòðåáàõ ñó÷àñíî¿ õàð÷îâî¿ ïðîìèñëîâîñò³ òà
âèõîäÿ÷è ç³ çä³éñíåíèõ äîñë³äæåíü, áóëî çàïðî-
ïîíîâàíî ïðèíöèïîâ³ òåõíîëîã³÷í³ ñõåìè äîáó-
âàííÿ ôðóêòîçî-îë³ãîñàõàðèäíîãî ñèðîïó ³ç
ñâ³æèõ êîðåíåïëîä³â òà ³ç ïîðîøêó ñóøåíîãî
öèêîð³þ. Îñíîâíîþ âèìîãîþ äî ñòâîðåííÿ òåõ-
íîëîã³¿ ââàæàëè ìîæëèâ³ñòü âèêîðèñòàííÿ äëÿ
âèðîáíèöòâà ñèðîï³â âæå ³ñíóþ÷îãî îáëàäíàí-
íÿ, ïðèçíà÷åíîãî äëÿ âèðîáíèöòâà öóêðó òà
êðîõìàëüíî¿ ïàòîêè. Òàêîæ áóëà ïîñòàâëåíà çà-
äà÷à çáåðåãòè ó ãîòîâîìó ïðîäóêò³ ìàêñèìàëüíî
ìîæëèâó ê³ëüê³ñòü ì³êðîåëåìåíò³â, ÿê³ ìàþòü
îçäîðîâ÷î-ïðîô³ëàêòè÷íó ä³þ òà íàéá³ëüø ïî-
âíî âèëó÷èòè ôðóêòîçó òà ¿¿ íàéáëèæ÷³ ïîë³ìåð-
ãîìîëîãè – ôðóêòîîë³ãîñàõàðèäè.

Çã³äíî ç çàïðîïîíîâàíîþ òåõíîëîã³÷íîþ
ñõåìîþ (ðèñ. 3), ñ³ê, äîáóòèé øëÿõîì ïåðåòè-
ðàííÿ êîðåíåïëîä³â íà â³äöåíòðîâèõ òåðòêàõ, ÿê³
âèêîðèñòîâóþòü äëÿ ïåðåòèðàííÿ êàðòîïëÿíèõ
áóëüá ó êðîõìàëüíîìó âèðîáíèöòâ³, ³ ïîäàëüøîãî
öåíòðèôóãóâàííÿ öèêîðíî¿ êàøêè íà öåíòðè-
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ñîêó, – íà â³äì³íó â³ä â³äîìèõ ñïîñîá³â ã³äðîë³-
çó ôåðìåíòàìè ³ ì³íåðàëüíèìè êèñëîòàìè. Íà-
âïàêè, â íèçö³ âèïàäê³â ïîäàëüøîãî çàñòîñóâàííÿ
äîáóòîãî ã³äðîë³çàòó, íàïðèêëàä, ó âèðîáíèöòâ³
áåçàëêîãîëüíèõ îñâ³æàþ÷èõ íàïî¿â àáî õîëîä-
íèõ ÷à¿â, íàÿâí³ñòü ëèìîííî¿ êèñëîòè º áàæà-
íîþ.

Ñ³ê ïîòðàïëÿº íà êîëîíó ç àêòèâîâàíèì
âóã³ëëÿì, äå â³äáóâàºòüñÿ äîäàòêîâå îñâ³òëåííÿ.
Ï³ñëÿ êîíòðîëüíî¿ ìåõàí³÷íî¿ ô³ëüòðàö³¿ ã³äðî-
ë³çàò ïîäàºòüñÿ íà âèïàðíó ñòàíö³þ äå óïàðþºòü-
ñÿ äî ñòàíó ñèðîïó. Ñóõ³ ðå÷îâèíè ñèðîïó ïî-
âèíí³ ñòàíîâèòè á³ëÿ 85%. Âèõîäÿ÷è ç öüîãî,
ïðîïîíóºòüñÿ âèêîðèñòàííÿ ñó÷àñíèõ ïë³âêîâèõ
âàêóóì-àïàðàò³â ñèñòåìè Â³ãàíäà, ÿê³ äîçâîëÿ-
þòü ç äîñòàòíüî âåëèêîþ øâèäê³ñòþ çä³éñíèòè
ïðîöåñ âèïàðîâóâàííÿ (ðèñ. 3).

Íåîäíîðàçîâà ïåðåâ³ðêà âóãëåâîäíîãî ñêëà-
äó ñèðîï³â, îäåðæàíèõ â ðåçóëüòàò³ çíà÷íî¿
ê³ëüêîñò³ äîñë³ä³â, çà äîïîìîãîþ âèñîêîåôåêòèâ-
íî¿ ð³äèííî¿ õðîìàòîãðàô³¿ äîâåëà, ùî â òàêèõ
ñèðîïàõ ì³ñòèòüñÿ 83–85% ôðóêòîçè òà 15–17%
ôðóêòîîë³ãîñàõàðèä³â äî ìàñè ñóõèõ ðå÷îâèí
(òîáòî 85%) ñèðîï³â.

Âèñíîâêè

Âñòàíîâëåíî îïòèìàëüí³ óìîâè ã³äðîë³çó ç
ìåòîþ äîáóâàííÿ ôðóêòîçî-³íóëîîë³ãîñàõàðèä-

íèõ ïðîäóêò³â: ê³ëüê³ñòü ëèìîííî¿ êèñëîòè – â³ä
0,8 äî 1,0% äî ìàñè öèêîð³þ, òðèâàë³ñòü ã³äðîë³-
çó – 120 õâ ïðè òåìïåðàòóð³ 650Ñ. Çà òàêèõ óìîâ
ã³äðîë³ç ³íóë³íó â³äáóâàºòüñÿ íà 85%, ó ã³äðîë³-
çàò³ ôðóêòîçà ñêëàäàº 83–85%, à íà ³íóëîîë³ãî-
ñàõàðèäè ïðèïàäàº 17–15%.

Ðîçðîáëåíî òåõíîëîã³÷í³ ñõåìè äëÿ ïåðå-
ðîáëåííÿ ñâ³æèõ êîðåíåïëîä³â ³ ïîðîøêó ñóøå-
íîãî öèêîð³þ. Àïàðàòóðíå îôîðìëåííÿ  âêëþ-
÷àº ðåàêòîð ã³äðîë³çó, ô³ëüòðóâàëüíó ñòàíö³þ ç
íàìèâíèì ïåðë³òîâèì øàðîì ³ ïë³âêîâó âèïàð-
íó ñòàíö³þ ñèñòåìè Â³ãàíäà, ùî âèêîðèñòîâóºòü-
ñÿ â öóêðîâîìó ³ êðîõìàëå-ïàòîêîâîìó âèðîá-
íèöòâ³. Ó çâ’ÿçêó ç òèì, ùî ðåàêö³ÿ ñåðåäîâèùà
êîëèâàºòüñÿ â³ä pH 3,5, à â ðåàêö³éí³é  êîëîí³
ã³äðîë³çó – äî pH 2,0 íà ñòàä³¿ î÷èùåííÿ ³îí³òà-
ìè, ùî çóìîâëåíî âèêîðèñòàííÿì äëÿ ðåãåíå-
ðàö³¿ ³îí³ò³â êèñëîò ³ ëóã³â, àïàðàòóðó ³ êîìóí³-
êàö³¿ ðåêîìåíäîâàíî âèãîòîâëÿòè ç êèñëîòî- ³
êîðîç³éíîîï³ðíèõ ìàòåð³àë³â.

Ðîçðîáëåí³ òåõíîëîã³÷í³ ñõåìè ïåðåðîáëåí-
íÿ ñâ³æèõ êîðåíåïëîä³â ³ ñóøåíîãî ïîðîøêó
öèêîð³þ ïðîéøëè óñï³øí³ íàï³âïðîìèñëîâ³ âèï-
ðîáóâàííÿ íà ÂÀÒ «Ñëàâóòñüêèé öèêîð³ºñóøèëü-
íèé çàâîä» ì. Ñëàâóòà ³ áóëè ïðèéíÿò³ äî âïðî-
âàäæåííÿ ó âèðîáíèöòâî.

Ðèñ. 3. Òåõíîëîã³÷íà ñõåìà äîáóâàííÿ ôðóêòîçî-îë³ãîñàõàðèäíîãî ñèðîïó ç öèêîð³þ: 1 – ã³äðîòðàíñïîðòåð;

2 – êàìåíåóëîâëþâà÷; 3 – âîäîâ³äîêðåìëþâà÷; 5 – ºëåâàòîð; 6 – âàãè; 7 – áóíêåð; 8 – â³äöåíòðîâ³ òåðòêè;

 9 – áóíêåð öèêîðíî¿ êàøêè; 10 – öåíòðèôóãè áåçïåðåðâíî¿ ä³¿; 11 – ïóëüïîóëîâëþâà÷; 12 – íàñîñ; 13 – çá³ðíèê ñîêó;

14 – ðåøèôåð; 15 – ì³ðíèê ñîêó; 16 – ðåàêòîð ã³äðîë³çó ç ì³øàëêîþ; 17 – âàêóóì-ô³ëüòð ç íàìèâíèì ïåðë³òîâèì

øàðîì; 18 – çá³ðíèê ã³äðîë³çîâàíîãî ñîêó; 19 – òåïëîîáì³ííèêà; 20 – ì³ðíèêè ã³äðîë³çàòó; 21 – êîëîíà ç àêòèâîâàíèì

âóã³ëëÿì; 22 – çá³ðíèê ç ì³øàëêîþ; 23 – ì³ðíèê; 24 – âàêóóì-àïàðàò ñèñòåìè Â³ãàíäà; 25 – çá³ðíèê ãîòîâî¿ ïðîäóêö³¿ ç

ïàðîâèì ï³ä³ãð³âîì ³ ì³øàëêîþ
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the hydrolysis process, the dependences of the completeness of the
hydrolysis on the amount of the added citric acid, temperature and
the duration of the process were studied at a constant starting
concentration of chicory in the suspensions (30%). In all cases, a
growth of the concentration of the RSs in the product of inulin
hydrolysis was observed which is associated with an increase in the
direct factors while the optimal values have been achieved
(Ñacid=0.8%, t=650, t= 120 minutes); a further increase of these
values results in side reactions. The optimal regime for the hydrolysis
of dried chicory powder (Ñacid=0.9–1.0%, t=650, t=120 minutes)
was also established by the experimental study and mathematical
analysis of the obtained data. The production schemes were developed
based on the determined optimal parameters of the hydrolysis of raw
chicory materials by citric acid, which ensure a maximal amount of
valuable mineral and organic components of chicory in the final
product.

Keywords: inulin; hydrolysis; oligosaccharides; citric acid;
sugar substitutes.
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HYDROLYSIS OF INULIN USING CITRIC ACID FOR
THE PREPARATION OF FRUCTOSE-
OLIGOSACCHARIDE PRODUCTS OF FOOD INDUSTRY

I.V. Popova, O.I. Mayboroda, N.Yu. Zinchenko, N.O. Klimenko

National University of Food Technologies, Kyiv, Ukraine

We investigated the process of hydrolysis of inulin by citric
acid for the use in food industry. The choice of citric acid as a
catalyst of the hydrolysis process is determined by its relatively soft
action on the plant objects during heating that provides the process
of hydrolysis of a polysaccharide, but does not lead to the formation
of a noticeable amount of by-products. The monitoring of the process
was performed by the evaluation of reducing substances (RSs) in
received products and by the thin-layer chromatography (TLC), in
a fixed layer. The total content of carbohydrate substance and the
composition of carbohydrates were determined by the high pressure
liquid chromatography (HPLC). To identify optimum conditions of


