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Íàö³îíàëüíèé óí³âåðñèòåò õàð÷îâèõ òåõíîëîã³é, ì. Êè¿â

Â ñòàòò³ íàäàí³ ðåçóëüòàòè ìîäèô³êàö³¿ êàðòîïëÿíîãî êðîõìàëþ õëîðàíã³äðèäîì ïðî-

ï³îíîâî¿ êèñëîòè òà ô³çèêî-õ³ì³÷í³ õàðàêòåðèñòèêè îäåðæàíîãî ïðîäóêòó. Íà îñ-

íîâ³ ë³òåðàòóðíèõ äàíèõ çàïðîïîíîâàíî çðó÷íèé ìåòîä ìîäèô³êàö³¿ êðîõìàëþ ç

âèêîðèñòàííÿì äèìåòèëñóëüôîêñèäó (ÄÌÑÎ). Îáðàíèé ðîç÷èííèê øèðîêîãî çà-

ñòîñóºòüñÿ â îðãàí³÷íîìó ñèíòåç³, îñê³ëüêè ïîâí³ñòþ ðîç÷èííèé ó âîä³, ùî äîçâî-

ëÿº ïîâí³ñòþ âèäàëèòè éîãî çàëèøêè ï³ñëÿ ðåàêö³¿. Êð³ì òîãî, ÄÌÑÎ ìàº íèçüêó

òîêñè÷í³ñòü, çàñòîñîâóºòüñÿ â ÿêîñò³ ë³êàðñüêîãî çàñîáó ó ôàðìàöåâòèö³. Â ÿêîñò³

ìîäèô³êàòîðà îáðàíà ïðîï³îíîâà êèñëîòà, ÿêà øèðîêî âèêîðèñòîâóºòüñÿ â õàð-

÷îâ³é ïðîìèñëîâîñò³ ÿê õàð÷îâà äîáàâêà Å 280. Âèá³ð íàâåäåíèõ âèõ³äíèõ ðåàãåíò³â

îáóìîâëåíèé ïîäàëüøèì âèêîðèñòàííÿì îäåðæàíîãî ïðîäóêòó â õàð÷îâ³é ïðîìèñ-

ëîâîñò³. Çà äîïîìîãîþ ßÌÐ òà åëåìåíòíîãî àíàë³çó âñòàíîâëåíî ñòóï³íü çàì³ùåí-

íÿ ó ìîëåêóë³ êðîõìàëþ, ÿêèé ñòàíîâèòü 1:1. Â ²×-ñïåêòð³ ìîäèô³êîâàíîãî êðîõìà-

ëþ íàÿâíà ñìóãà ïðè 1731 ñì–1, ùî õàðàêòåðíî äëÿ êîëèâàíü Ñ=Î ó ñêëàä³ åñòåðíî¿

ãðóïè. Ðåíòãåíîôàçîâèé àíàë³ç íàòèâíîãî òà ìîäèô³êîâàíîãî êðîõìàë³â ïîêàçàâ,

ùî àöèëóâàííÿ ïðèçâîäèòü äî çìåíøåííÿì êðèñòàë³÷íî¿ ôàçè ç 12% äî 2%. Ç âèêî-

ðèñòàííÿì îïòè÷íî¿ ì³êðîñêîï³¿ âñòàíîâëåíî, ùî ìîäèô³êàö³ÿ êàðòîïëÿíîãî êðîõ-

ìàëþ õëîðàíã³äðèäîì ïðîï³îíîâî¿ êèñëîòè çì³íþº ðîçì³ð òà ôîðìó çåðåí êðîõìà-

ëþ. Çà äàíèìè òåðìîãðàâ³ìåòðè÷íîãî àíàë³çó âñòàíîâëåíî, ùî ìåõàí³çì ðîçêëàäàí-

íÿ ìîäèô³êîâàíîãî êàðòîïëÿíîãî êðîõìàëþ á³ëüø ñêëàäíèé, í³æ äëÿ âèõ³äíîãî

íàòèâíîãî êðîõìàëþ. Öå ï³äòâåðäæóº åôåêòèâí³ñòü çàïðîïîíîâàíîãî ñïîñîáó îäåð-

æàííÿ åòåðèô³êîâàíîãî êðîõìàëþ.

Êëþ÷îâ³ ñëîâà: íàòèâíèé êðîõìàëü, åòåðèô³êîâàíèé êðîõìàëü, àöèëóâàííÿ, ²×-ñïåê-

òðîñêîï³ÿ, ðåíòãåíîôàçîâèé àíàë³ç, òåðìîë³ç, ßÌÐ-ñïåêòðîñêîï³ÿ.

Âñòóï
Ïîë³ñàõàðèäè òà ¿õ ïîõ³äí³ âèêëèêàþòü ïî-

ñò³éíèé ³íòåðåñ äîñë³äíèê³â, ùî îáóìîâëåíî
øèðîêèì ñïåêòðîì çàñòîñóâàííÿ öèõ ðå÷îâèí â
ð³çíèõ ãàëóçÿõ ïðîìèñëîâîñò³. Ìîäèô³êàö³ÿ
êðîõìàëþ äîçâîëÿº çì³íþâàòè éîãî ô³çèêî-
õ³ì³÷í³ âëàñòèâîñò³ òà ñòâîðþâàòè íîâ³ ìàòåð³-
àëè ç êîðèñíèìè âëàñòèâîñòÿìè. Çîêðåìà, ìî-
äèô³êîâàí³ êðîõìàë³ (õàð÷îâ³ äîáàâêè Å 1400–
Å 1451) çàñòîñîâóþòü â ð³çíèõ ãàëóçÿõ õàð÷îâî¿
ïðîìèñëîâîñò³: êîíäèòåðñüê³é, õë³áîïåêàðñüê³é,
ïèâîâàðí³é, ì’ÿñî-ìîëî÷í³é, õàð÷îêîíöåíò-
ðàòí³é, à òàêîæ äëÿ òåõí³÷íèõ ö³ëåé: â òåê-
ñòèëüí³é, ïàïåðîâ³é ãàëóçÿõ ïðîìèñëîâîñò³, äëÿ
ñòàá³ë³çàö³¿ òà îáðîáêè áóðîâèõ ðîç÷èí³â ó íàô-
òî- òà ãàçîâèäîáóâàíí³ [1]. Êðîõìàë³, ìîäèô³êî-
âàí³ õëîðèäíîþ, ôîñôàòíîþ, ñóëüôàòíîþ êèñ-

ëîòàìè, îöòîâèì àíã³äðèäîì, îöòîâîþ òà áóðø-
òèíîâîþ êèñëîòàìè, ã³äðîêñèäîì êàë³þ, ïåðñóëü-
ôàòîì àìîí³þ òîùî, ïðîìèñëîâî âèðîáëÿþòüñÿ
ó áàãàòüîõ êðà¿íàõ ñâ³òó.

Çíà÷íà ê³ëüê³ñòü ðîá³ò ñòîñóºòüñÿ âçàºìîä³¿
ð³çíèõ âèä³â êðîõìàëþ ç ïîõ³äíèì îêòåí ñóêöè-
í³ëó [2], õëîðàíã³äðèäàìè æèðíèõ êèñëîò [3,4],
ïðîï³îíîâèì àíã³äðèäîì [5].

Îñê³ëüêè ìàòåð³àëè íà îñíîâ³ êðîõìàëþ
ï³ääàþòüñÿ á³îäåñòðóêö³¿, ö³êàâèì º ¿õ çàñòîñó-
âàííÿ â ÿêîñò³ ïîë³ìåðíèõ ìàòðèöü äëÿ âèãî-
òîâëåííÿ åêîëîã³÷íî ÷èñòèõ ïàêóâàëüíèõ ìàòå-
ð³àë³â [6].

Ðåàêö³ÿ ìîäèô³êàö³¿ â³äáóâàºòüñÿ, ÿê ïðà-
âèëî, øëÿõîì âçàºìîä³¿ êðîõìàëþ ç õëîðàíã³ä-
ðèäàìè êèñëîò â îðãàí³÷íèõ ðîç÷èííèêàõ – ï³ðè-
äèí, òîëóîë, äèìåòèëôîðìàì³ä, N,N-äèìåòèë-
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àöåòàì³ä. Îäíàê, îðãàí³÷í³ ðîç÷èííèêè º òîê-
ñè÷íèìè òà âàæêî âèäàëÿþòüñÿ ç ê³íöåâîãî ïðî-
äóêòó, ùî ïåðåøêîäæàº âèêîðèñòàííþ â õàð÷îâ³é
òà ôàðìàöåâòè÷í³é ïðîìèñëîâîñò³. Äåÿê³ àâòî-
ðè [7] ïðîïîíóþòü ìåòîä ñèíòåçó åñòåð³â æèð-
íèõ êèñëîò êðîõìàëþ áåç ðîç÷èííèê³â ÿê
íàéá³ëüø åôåêòèâíèé, ïðîòå öåé ìåòîä ìàº ñâî¿
íåäîë³êè.

ßê ñâ³ä÷èòü àíàë³ç ë³òåðàòóðíèõ äæåðåë,
á³ëüø³ñòü çàïðîïîíîâàíèõ ñõåì ìîäèô³êàö³¿ ïîë³-
ñàõàðèä³â áàãàòîñòàä³éí³, ñêëàäí³, ïîòðåáóþòü
äîðîãèõ ³ òîêñè÷íèõ ðåàãåíò³â, ùî íåïðèïóñòè-
ìî äëÿ õàð÷îâî¿ ïðîìèñëîâîñò³. Âñå âèùåçàçíà-
÷åíå óñêëàäíþº âïðîâàäæåííÿ â ïðàêòèêó íî-
âèõ ìîäèô³êîâàíèõ ïîõ³äíèõ êðîõìàëþ. Îòæå,
ñèíòåòè÷íèé ïîòåíö³àë êðîõìàëþ äàëåêî íå âè-
÷åðïàíèé.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äæåííÿ
ìîäèô³êàö³¿ êàðòîïëÿíîãî êðîõìàëþ õëîðàíã³ä-
ðèäîì ïðîï³îíîâî¿ êèñëîòè ç ìåòîþ ïîäàëüøî-
ãî ô³çèêî-õ³ì³÷íîãî âèâ÷åííÿ îäåðæàíîãî ïðî-
äóêòó. Ìè ïðîïîíóºìî çðó÷íèé ìåòîä ìîäèô³-
êàö³¿ êðîõìàëþ ïðè âèêîðèñòàíí³ â ÿêîñò³ ðîç-
÷èííèêà äèìåòèëñóëüôîêñèäó (ÄÌÑÎ). Öåé
ðîç÷èííèê, ùî íàáóâ øèðîêîãî çàñòîñóâàííÿ â
îðãàí³÷íîìó ñèíòåç³, ìàº íèçêó ïåðåâàã, îñíîâíîþ
ç ÿêèõ º éîãî ïîâíà ðîç÷èíí³ñòü ó âîä³, ùî äîç-
âîëÿº ïîâí³ñòþ âèäàëèòè éîãî çàëèøêè ï³ñëÿ ðå-
àêö³¿, äî òîãî æ ÄÌÑÎ ìàº íèçüêó òîêñè÷í³ñòü,
çàñòîñîâóºòüñÿ â ÿêîñò³ ë³êàðñüêîãî çàñîáó ó
ôàðìàöåâòèö³, íàïðèêëàä, ïðîòèçàïàëüíèé çàñ³á
«Äèìåêñèä». Ïðîï³îíîâà êèñëîòà îáðàíà íàìè
ó çâ’ÿçêó ç òèì, ùî âîíà º õàð÷îâîþ äîáàâêîþ
Å 280 òà óñï³øíî çàñòîñîâóºòüñÿ â ÿêîñò³ êîí-
ñåðâàíòó.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Â ðîáîò³ âèêîðèñòîâóâàëè êàðòîïëÿíèé

êðîõìàëü âèùîãî ñîðòó ÄÑÒÓ 4286:2004 (âèðîá-
íèê ÒÎÂ «Àâãóñò-Êèé»), ïðîï³îíîâà êèñëîòà
ÃÎÑÒ 32746-2014. Ðîç÷èííèêè – ÄÌÑÎ, ÄÌÔÀ,
ìåòàíîë, åòàíîë.

Ï³äãîòîâêà êðîõìàëþ âèêîíóâàëàñÿ íàñòóï-
íèì ÷èíîì: â êîëáó íà 500 ñì3 ïîì³ùàëè 100,02 ã
êàðòîïëÿíîãî êðîõìàëþ, ï³ä’ºäíóâàëè äî âîäî-
ñòðóìåíåâîãî íàñîñà ³ íàãð³âàëè íà êèïëÿ÷³é
âîäÿí³é áàí³ ïðîòÿãîì 8 ãîä. Âèõ³ä ïðîäóêòó:
88,00 ã (âòðàòà âîëîãè çà ðàõóíîê ñóø³ííÿ 12%).

Ñèíòåç õëîðàíã³äðèäó ïðîï³îíîâî¿ êèñëî-
òè âèêîíóâàëè çà íàñòóïíîþ ñõåìîþ:

H3C CH2
C

OH

O
+ SOCl2

DMFA
H3C CH2 C

Cl

O
+ SO2 + HCl

Â òðèãîðëèé ðåàêòîð íà 50 ñì3, îáëàäíà-

íèé ìàãí³òíîþ ì³øàëêîþ ç ï³ä³ãð³âîì, êðàïåëü-
íîþ ë³éêîþ, òåðìîìåòðîì ³ çâîðîòíèì õîëîäèëü-
íèêîì ç ë³÷èëüíèêîì ãàçó ³ ãàçîâ³äâ³äíîþ òðóá-
êîþ, ïîì³ùàëè 18,5 ã (0,25 ìîëü) ïðîï³îíîâî¿
êèñëîòè. Ïðè ïåðåì³øóâàíí³ ÷åðåç êðàïåëüíó
ë³éêó íåâåëèêèìè ïîðö³ÿìè äîäàâàëè 32,7 ã
(0,275 ìîëü) SOCl2. Ñïîñòåð³ãàëè ñïîê³éíå âèä³-
ëåííÿ ãàçó ³ íåâåëèêèé ðîç³ãð³â ðåàêö³éíî¿ ìàñè.
×åðåç 1 ãîä äîäàâàëè êðàïëþ ÄÌÔÀ, òåìïåðà-
òóðó ï³äòðèìóâàëè íà ð³âí³ 40–450Ñ ùå ïðîòÿ-
ãîì 1 ãîä. Íàäëèøîê SOCl2 â³äãàíÿëè çà ê³ìíàò-
íî¿ òåìïåðàòóðè ó âàêóóì³ âîäîñòðóìåíåâîãî
íàñîñà.

Ï³äãîòîâêà ÄÌÑÎ ïðîâîäèëàñÿ íàñòóïíèì
÷èíîì. 300 ñì3 ÄÌÑÎ âèòðèìóâàëè íàä ïðîæà-
ðåíèì çà òåìïåðàòóðè 4000Ñ ÑàÎ ïðîòÿãîì 2 ä³á.
Äàë³ ÄÌÑÎ ïåðåíîñèëè â êîëáó íà 500 ñì3 ³
äîäàâàëè 30 ñì3 ñóõîãî áåíçåíó. Çàëèøêè âîäè
â³ä³ãíàëè çà àòìîñôåðíîãî òèñêó ó âèãëÿä³ àçå-
îòðîïó ç áåíçåíîì, ÄÌÑÎ ïåðåãàíÿëè ó âàêóóì³
âîäîñòðóìåíåâîãî íàñîñà.

Åñòåðèô³êàö³ÿ êðîõìàëþ õëîðàíã³äðèäîì
ïðîï³îíîâî¿ êèñëîòè â³äáóâàëàñÿ â³äïîâ³äíî äî
íàñòóïíî¿ ðåàêö³éíî¿ ñõåìè:
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Â òðèãîðëèé ðåàêòîð íà 150 ñì3, îáëàäíà-
íèé ìàãí³òíîþ ì³øàëêîþ ç ï³ä³ãð³âîì, êðàïåëü-
íîþ ë³éêîþ, òåðìîìåòðîì ³ çâîðîòíèì õîëîäèëü-
íèêîì ç ë³÷èëüíèêîì ãàçó ³ ãàçîâ³äâ³äíîþ òðóá-
êîþ, ïîì³ùàëè 1,8 ã (0,01 ìîëü ó ðîçðàõóíêó íà
ãëþêîçó) âèñóøåíîãî êðîõìàëþ ³ 25 ñì3 áåçâîä-
íîãî ÄÌÑÎ. Ïåðåì³øóâàëè ïðîòÿãîì 3 ãîä çà
òåìïåðàòóðè 700Ñ äî óòâîðåííÿ ïðîçîðîãî áåç-
áàðâíîãî äðàãëþ. Äàë³ çí³ìàëè íàãð³â ³ äîäàâàëè
0,04 ã K2CO3 (ïðèáëèçíî 2% â³ä ìàñè êðîõìà-
ëþ). Ïðè ïåðåì³øóâàíí³ êðàïëÿìè äîäàâàëè
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3,7 ã (0,04 ìîëü) õëîðàíã³äðèäó ïðîï³îíîâî¿ êèñ-
ëîòè. Ðåàêö³éíà ìàñà ãóñò³øàëà ³ òåìïåðàòóðà
ï³äí³ìàëàñÿ äî 700Ñ. ×åðåç 1 ãîä ðåàêö³éíà ìàñà
ïåðåòâîðþâàëàñü íà äóæå ãóñòèé äðàãåëü ñâ³òëî-
æîâòîãî êîëüîðó, òåìïåðàòóðà çíèæóâàëàñü äî
ê³ìíàòíî¿. Äàë³ äîäàâàëè 75 ñì3 ìåòàíîëó àáî
åòàíîëó òà ³íòåíñèâíî ïåðåì³øóâàëè ïðîòÿãîì
1 ãîä. Á³ëèé îñàä, ùî âèïàâ, â³äô³ëüòðîâóâàëè ó
âàêóóì³ âîäîñòðóìåíåâîãî íàñîñó ³ ïðîìèâàëè
ìåòàíîëîì àáî åòàíîëîì (420 ñì3). Îòðèìàíèé
ïðîäóêò ñóøèëè íà ïîâ³òð³ çà ê³ìíàòíî¿ òåìïå-
ðàòóðè. Âèêîðèñòàíà ìåòîäèêà â³äð³çíÿºòüñÿ â³ä
ìåòîäèêè çàïðîïîíîâàíîþ àâòîðàìè [8] äîñòóï-
í³ñòþ òà âèêîðèñòàíèìè ðåàãåíòàìè.

²×-ñïåêòðîìåòðè÷í³ äîñë³äæåííÿ çä³éñíþ-
âàëèñü íà ïðèëàä³ Nexus-475 ô³ðìè Nicolet, â
òàáëåòêàõ ç ÊBr.

Ðåíòãåíîôàçîâèé àíàë³ç ïðîâîäèâñÿ íà ïðè-
ëàä³ ÄÐÎÍ-3Ì ó âèïðîì³íþâàíí³ ÑuK


 ç Ni

ô³ëüòðîì; U=35 êÂ, I=20 ìÀ; êóò ïåðåì³ùåííÿ
ë³÷èëüíèêà 2=0,040; ÷àñ ï³äðàõóíêó ³íòåíñèâ-
íîñò³ 3 ñ.

Òåðìîãðàâ³ìåòðè÷í³ äîñë³äæåííÿ ïðîâîäè-
ëèñü â³äïîâ³äíî äî ÃÎÑÒ 29127-91 íà ïðèëàä³
Q-1500Â â àòìîñôåð³ ïîâ³òðÿ, 100C/õâ.

ßÌÐ-ñïåêòðè ðåºñòðóâàëè íà ßÌÐ ñïåêò-
ðîìåòð³ MERCURY, ô³ðìè VARIAN, 400 ÌÃö
â ðîç÷èí³ ÄÌÑÎ–d6.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
²×-ñïåêòðîìåòðè÷í³ äîñë³äæåííÿ
Îñíîâíèì ìåòîäîì äîñë³äæåííÿ çì³í, ùî

â³äáóëèñü â ðåçóëüòàò³ ðåàêö³¿ àöèëóâàííÿ êðîõ-
ìàëþ îáðàíèé ìåòîä ²×-ñïåêòðîñêîï³¿. Âæå äî-
ñèòü äàâíî ²×-ñïåêòðîñêîï³ÿ âèêîðèñòîâóºòüñÿ
äëÿ äîñë³äæåííÿ õàð÷îâèõ ïðîäóêò³â. Îñòàíí³ì
÷àñîì ç’ÿâèëàñü íèçêà ïóáë³êàö³é [9,10] â ÿêèõ
íàâîäÿòüñÿ äàí³ ²×-ñïåêòð³â ïðèðîäíèõ ïîë³ìåð³â
òà ¿õ ³íòåðïðåòàö³ÿ.

Ïðè àíàë³ç³ ²×-ñïåêòð³â íàòèâíîãî òà åòå-
ðèô³êîâàíîãî êðîõìàëþ (ðèñ. 1) ìè ïðîàíàë³çó-
âàëè íåõàðàêòåðèñòè÷íó ä³ëÿíêó ñïåêòðà (400–
1000 ñì–1). ßê âèäíî ç ðèñ. 1, çðàçêè âèõ³äíîãî
íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ òà åòåðèô³-
êîâàíîãî ïîõ³äíîãî ìàþòü ð³çíèé ñïåêòð íà ö³é
éîãî ä³ëÿíö³. ßê â³äîìî, â ö³é ÷àñòèí³ ïðîÿâëÿ-
þòüñÿ ÷èñåëüí³ âàëåíòí³ êîëèâàííÿ çâ’ÿçê³â
Ñ–Ñ, Ñ–N, N–O ³ äåôîðìàö³éí³ êîëèâàííÿ, ùî
ïðàêòè÷íî íå ï³ääàþòüñÿ ïåâíîìó â³äíåñåííþ.
Öÿ ä³ëÿíêà êîëèâàíü âóãëåöåâîãî ñêåëåòó ìîëå-
êóëè ÷óòëèâî ðåàãóº íà íåçíà÷í³ çì³íè ó ñòðóê-
òóð³ ìîëåêóëè.

Íåõàðàêòåðèñòè÷í³ êîëèâàííÿ ñêëàäàþòü
îñíîâíó ÷àñòèíó ñïåêòðó ³ äëÿ êîæíî¿ ðå÷îâèíè
óòâîðþþòü ñâ³é íåïîâòîðíèé íàá³ð ñìóã. Íå ³ñíóº

ñïîëóê, çà âèíÿòêîì åíàíò³îìåð³â, ÿê³ ìàëè á
îäíàêîâ³ ²×-ñïåêòðè. Ç ë³òåðàòóðè â³äîìî, ùî
ñàìå öèì ôàêòîðîì êîðèñòóþòüñÿ äëÿ âñòàíîâ-
ëåííÿ òîòîæíîñò³ ðå÷îâèí, òàê ÿê çá³ã
²×-ñïåêòð³â º ïåðåêîíëèâèì äîêàçîì ³äåíòè-
÷íîñò³ çðàçê³â, ùî äîñë³äæóâàëèñÿ.

Â íàøîìó âèïàäêó çðàçîê âèõ³äíîãî íàòèâ-
íîãî êàðòîïëÿíîãî êðîõìàëþ (ðèñ. 1,à) ì³ñòèòü
íèçêó êîëèâàíü íåõàðàêòåðèñòè÷íî¿ ä³ëÿíêè,
çîêðåìà 982 ñì–1, 923 ñì–1, 856 ñì–1, 764 ñì–1,
710 ñì–1, 610 ñì–1, 573 ñì–1, 523 ñì–1, à â ñïåêòð³
çðàçêà åòåðèô³êîâàíîãî ïîõ³äíîãî (ðèñ. 1,á) –
1024 ñì–1, 859 ñì–1, 797 ñì–1, 758 ñì–1,708 ñì–1,
610 ñì–1, 573 ñì–1, 531 ñì–1.

Ïðè ïîð³âíÿíí³ öèõ äàíèõ âèäíî, ùî â
ñïåêòð³ çðàçêà âèõ³äíîãî íàòèâíîãî êàðòîïëÿíîãî
êðîõìàëþ ÷àñòîòà êîëèâàíü ïðè 982 ñì–1

çì³ùóºòüñÿ äî 1023 ñì–1, à ÷àñòîòà êîëèâàíü ïðè
923 ñì–1 äî 859 ñì–1, ùî âêàçóº íà çì³íó íåõà-
ðàêòåðèñòè÷íîãî ä³àïàçîíó ñïåêòðà çðàçêà âèõ³-
äíîãî íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ ï³ñëÿ
àöèëóâàííÿ. Îòæå, çðàçîê âèõ³äíîãî íàòèâíîãî
êàðòîïëÿíîãî êðîõìàëþ ³ åòåðèô³êîâàíîãî ïî-
õ³äíîãî ìàþòü ð³çíèé õ³ì³÷íèé ñêëàä âíàñë³äîê
õ³ì³÷íî¿ ìîäèô³êàö³¿ êàðòîïëÿíîãî êðîõìàëþ.

Âàæëèâèì º òå, ùî â õàðàêòåðèñòè÷í³é
ä³ëÿíö³ ñïåêòðà çðàçêà åòåðèô³êîâàíîãî ïîõ³äíî-
ãî (ðèñ. 1,á) ç’ÿâèâñÿ ìàêñèìóì ïðè 1731 ñì–1,
ùî õàðàêòåðíî äëÿ Ñ=Î ó ñêëàä³ åñòåðíî¿ ãðóïè.
Ï³äòâåðäæåííÿ ðåàêö³¿ àöèëóâàííÿ êàðòîïëÿíîãî
êðîõìàëþ çä³éñíþºòüñÿ òàêîæ íà îñíîâ³ õàðàê-
òåðó ñìóãè âàëåíòíèõ êîëèâàíü ÎÍ. Â ñïåêòð³
çðàçêà âèõ³äíîãî íàòèâíîãî êàðòîïëÿíîãî êðîõ-
ìàëþ ïðèñóòíÿ äîñòàòíüî øèðîêà ³íòåíñèâíà
ñìóãà, ÿêà çíàõîäèòüñÿ ïðè 3389 ñì–1, à â ñïåêòð³
çðàçêà åòåðèô³êîâàíîãî ïîõ³äíîãî, öÿ ñìóãà
á³ëüø ³íòåíñèâíà ³ ìåíø øèðîêà òà çíàõîäèòü-
ñÿ ïðè 3406 ñì–1.

Â³äîìî [11], ùî ïîëîæåííÿ ³ õàðàêòåð ñìó-
ãè ÎÍ çàëåæàòü â³ä ñòóïåíÿ ó÷àñò³ ã³äðîêñèëü-
íî¿ ãðóïè ó âîäíåâèõ çâ’ÿçêàõ. Âîäíåâ³ çâ’ÿçêè
çì³íþþòü ñèëîâó êîíñòàíòó çâ’ÿçêó Î–Í, ùî
çìåíøóº ÷àñòîòó êîëèâàíü. Ã³äðîêñèëüíà ãðóïà,
ÿêà áåðå ó÷àñòü ó ì³æìîëåêóëÿðíîìó âîäíåâîìó
çâ’ÿçêó, õàðàêòåðèçóºòüñÿ øèðîêèì ³íòåíñèâíèì
ìàêñèìóìîì ïîãëèíàííÿ íà ä³ëÿíö³ 3200–
3600 ñì–1.

Â ñïåêòð³ çðàçêà ìîäèô³êîâàíîãî êðîõìà-
ëþ ñìóãà âàëåíòíèõ êîëèâàíü ÎÍ º á³ëüø âóçü-
êîþ òà á³ëüø ³íòåíñèâíîþ, çíàõîäèòüñÿ ïðè
3406,16 ñì–1, à â ñïåêòð³ íàòèâíîãî êðîõìàëþ öÿ
ñìóãà á³ëüø øèðîêà ³ ìåíø ³íòåíñèâíà, ³ çíàõî-
äèòüñÿ ïðè 3389,35 ñì–1. Çàçíà÷åíèé ôàêò
ï³äòâåðäæóº, ùî â ìîäèô³êîâàíîìó êðîõìàë³
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Ðèñ. 1. ²×-ñïåêòðè âèõ³äíîãî íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ (à) òà éîãî åòåðèô³êîâàíîãî ïîõ³äíîãî (á)

a
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Ðèñ. 2. ßÌÐ-ñïåêòðè âèõ³äíîãî íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ (à) òà éîãî åòåðèô³êîâàíîãî ïîõ³äíîãî (á)
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ìåíøå âîäíåâèõ çâ’ÿçê³â, ùî ïîÿñíþºòüñÿ ìåí-
øîþ ê³ëüê³ñòþ â³ëüíèõ ã³äðîêñèëüíèõ ãðóï, ùî
³ âïëèíóëî íà õàðàêòåð òà ÷àñòîòó êîëèâàíü ÎÍ
àöèëüîâàíîãî êàðòîïëÿíîãî êðîõìàëþ.

Åëåìåíòíèé àíàë³ç
Äàí³ åëåìåíòíîãî àíàë³çó ñâ³ä÷àòü, ùî åòå-

ðèô³êàö³ÿ êàðòîïëÿíîãî êðîõìàëþ õëîðàíã³äðè-
äîì ïðîï³îíîâî¿ êèñëîòè â³äáóëàñÿ ïî îäí³é
ã³äðîêñèëüí³é ãðóï³ â çàëèøêàõ ãëþêîï³ðàíîç-
íèõ ê³ëåöü, îñê³ëüêè âóãëåöþ çíàéäåíî 48,13%,
à ðîçðàõîâàíî 48,21%. Âîäíþ çíàéäåíî 6,57%, à
ðîçðàõîâàíî 6,55%. Çã³äíî ç äàíèìè [3,12,13]
íàéá³ëüø ëåãêî àöåòèëþþòüñÿ ïåðâèíà ñïèðòî-
âà ãðóïà ³ ã³äðîêñèëüíà ãðóïà ïðè Ñ2.

ßÌÐ äîñë³äæåííÿ
Ó çâ’ÿçêó ç òèì, ùî ìîäèô³êîâàíèé õëî-

ðàíã³äðèäîì ïðîï³îíîâî¿ êèñëîòè, êðîõìàëü äóæå
ìàëî ðîç÷èííèé â ÄÌÑÎ, çà éîãî ñïåêòðîì
ìîæëèâî ëèøå îö³íþâàëüíî âèçíà÷èòè ñòóï³íü
çàì³ùåííÿ ã³äðîêñèëüíèõ ãðóï, òîáòî ê³ëüê³ñíå
âèçíà÷åííÿ ïðîï³îí³ëüíèõ ãðóï íà îäíó ìîíî-
ìåðíó ëàíêó. Âñòàíîâëåíî, ùî ñòóï³íü çàì³ùåí-
íÿ êðîõìàëþ, â óìîâàõ ìîäèô³êàö³¿, ùî çàçíà-
÷åí³ â åêñïåðèìåíòàëüí³é ÷àñòèí³, ñòàíîâèòü 1:1.
Ðîçðàõóíîê ïðîâåäåíî, ïîð³âíþþ÷è ³íòåãðàëü-
íó ³íòåíñèâí³ñòü ñèãíàëó òðüîõ ïðîòîí³â ìåòèëü-
íî¿ ãðóïè ïðîï³í³ëüíîãî ðàäèêàëó (1,25 ì.÷.) ç
çàãàëüíîþ ê³ëüê³ñòþ ïðîòîí³â ìîíîìåðíî¿ ëàí-
êè (5ÑÍ+ÑÍ2), ùî äîáðå óçãîäæóºòüñÿ ç äàíè-
ìè åëåìåíòíîãî àíàë³çó. Âèçíà÷èòè ïîëîæåííÿ
çàì³ñíèêà çà ñïåêòðîì ßÌÐ âèÿâèëîñÿ ïðàêòè÷-
íî íåìîæëèâî (ðèñ. 2).

Ðåíòãåíîôàçîâå äîñë³äæåííÿ
Äëÿ ç’ÿñóâàííÿ ñòóïåíÿ âïëèâó ïðîöåñó

åòåðèô³êàö³¿ íà êðèñòàë³÷í³ñòü ñòðóêòóðè åòåðè-
ô³êîâàíîãî êàðòîïëÿíîãî êðîõìàëþ âèêîðèñòà-
íî ìåòîä ðåíòãåíîôàçîâîãî àíàë³çó. Äèôðàêòîã-
ðàìè íàâåäåí³ íà ðèñ. 3.

Çã³äíî ç äèôðàêòîãðàìîþ êàðòîïëÿíîãî
êðîõìàëþ (ðèñ. 3) áóëî ï³äðàõîâàíî, ùî êðîõ-
ìàëü äî åòåðèô³êàö³¿ ìàº àìîðôíî-êðèñòàë³÷íó
ñòðóêòóðó ç³ ñòóïåíåì êðèñòàë³÷íîñò³ 12%, â òîé
æå ÷àñ ìîäèô³êîâàíèé êàðòîïëÿíèé êðîõìàëü
ìàº ñòóï³íü êðèñòàë³÷íîñò³ 2%.

Îòæå, ÿê ñâ³ä÷àòü ðåçóëüòàòè ðåíòãåíîãðà-
ìè, õ³ì³÷íà ìîäèô³êàö³ÿ êðîõìàëþ ïðèçâîäèòü
äî ðóéíóâàííÿ éîãî êðèñòàë³÷íî¿ áóäîâè, ùî
òàêîæ ñïîñòåð³ãàëè àâòîðè [14] ïðè äîñë³äæåíí³
ðåîëîã³÷íèõ ³ ñòðóêòóðíèõ âëàñòèâîñò³ ìîäèô³-
êîâàíèõ êðîõìàë³â ç ìîëîäèõ ïàãîí³â Borassus
aethiopium.

Äàí³ îïòè÷íî¿ ì³êðîñêîï³¿
Âèùåíàâåäåí³ äîñë³äæåííÿ ïîêàçàëè, ùî

çàïðîïîíîâàíèé ìåòîä ñèíòåçó äîçâîëÿº äîñòàò-

íüî åôåêòèâíî îòðèìàòè åòåðèô³êîâàíèé êðîõ-
ìàëü. Ö³êàâèì áóëî äîñë³äèòè âèõ³äíèé íàòèâ-
íèé êàðòîïëÿíèé êðîõìàëü òà éîãî åòåðèô³êî-
âàíèé ïîõ³äíèé ìåòîäîì îïòè÷íî¿ ì³êðîñêîï³¿
(ðèñ. 4).

à                                       á

Ðèñ. 4. Âèãëÿä íàòèâíîãî êàðòîïëÿíîãî (à) òà

åñòåðèô³êîâàíîãî êðîõìàë³â (á) ï³ä ì³êðîñêîïîì (400)

Ïîð³âíÿëüíèé àíàë³ç îòðèìàíèõ ì³êðîôî-
òîãðàô³é òàêîæ ïîêàçàâ íà ñóòòºâ³ çì³íè ó çîâ-
í³øíüîìó âèãëÿä³ íàòèâíîãî êàðòîïëÿíîãî êðîõ-
ìàëþ ï³ñëÿ éîãî ìîäèô³êàö³¿. Ïðè öüîìó ï³ñëÿ
ìîäèô³êàö³¿ îäåðæóþòüñÿ çðóéíîâàí³ çåðíà âè-
õ³äíîãî êðîõìàëþ.

Òåðìîãðàâ³ìåòðè÷í³ äîñë³äæåííÿ
Çà äàíèìè òåðìîãðàâ³ìåòðè÷íèõ äîñë³äæåíü

âñòàíîâëåíî, ùî õ³ì³÷íî ìîäèô³êîâàíèé êðîõ-
ìàëü çà õàðàêòåðèñòèêàìè âîäîóòðèìàííÿ òà òåð-
ì³÷íî¿ ñòàá³ëüíîñò³ ñóòòºâî â³äð³çíÿºòüñÿ â³ä âè-
õ³äíîãî íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ äî
ìîäèô³êàö³¿ (ðèñ. 5).

Íà êðèâ³é ÒÃ çðàçêà íàòèâíîãî êàðòîïëÿ-
íîãî êðîõìàëþ (ðèñ. 5) º ÷îòèðè â³äð³çêè âòðàòè
ìàñè: ïåðøèé çà òåìïåðàòóðè 65–1480Ñ ñòàíî-
âèòü 3,7%. Çàçíà÷åíà âòðàòà ìàñè âèêëèêàíà

Ðèñ. 3. Ðåíòãåíîãðàìè çðàçê³â âèõ³äíîãî íàòèâíîãî

êàðòîïëÿíîãî êðîõìàëþ (1) òà éîãî åñòåðèô³êîâàíîãî

ïîõ³äíîãî (2)
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Ðèñ. 5. Äåðèâàòîãðàìà íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ

â³äùåïëåííÿì àäñîðáîâàíî¿ âîäè (äî 1000Ñ) ³
êðèñòàë³çàö³éíî¿ âîäè (100–1400Ñ). Íà êðèâ³é
ÄÒÃ çðàçêà íàòèâíîãî êàðòîïëÿíîãî êðîõìàëþ
(ðèñ. 5) íàâåäåí³é âòðàò³ â³äïîâ³äàº ðîçìèòèé
åôåêò âòðàòè ìàñè ç ì³í³ìóì çà òåìïåðàòóðè
1100Ñ, ÿêèé äîö³ëüíî ðîçãëÿäàòè ÿê íàêëàäàííÿ
äâîõ îêðåìèõ åôåêò³â, ïîâ’ÿçàíèõ ç âèäàëåííÿì
âîëîãè. Äðóãèé â³äð³çîê âòðàòè ìàñè â³äïîâ³äàº
òåìïåðàòóðíîìó ³íòåðâàëó 300–3800Ñ ³ ñòàíîâèòü
57,5%. Íà êðèâ³é ÄÒÃ öüîìó ïðîöåñó â³äïîâ³äàº
ð³çêèé ³ ãëèáîêèé åôåêò âòðàòè ìàñè ç ì³í³ìóì
çà òåìïåðàòóðè 3300Ñ, ÿêèé âèêëèêàíèé òåðì³-
÷íèì ðîçêëàäàííÿì áåçïîñåðåäíüî ïîë³ñàõàðèäó.

Íà òðåòüîìó â³äð³çêó âòðàòè ìàñè â³äáó-
âàºòüñÿ çà òåìïåðàòóðè 380–5000Ñ ³ ñòàíîâèòü
15% â³ä ïî÷àòêîâî¿ ìàñè. Â öüîìó òåìïåðàòóð-
íîìó ³íòåðâàë³ â³äáóâàºòüñÿ îáâóãëåííÿ ïîïåðåä-
íüî óòâîðåíèõ äî 3800Ñ ïðîì³æíèõ ïðîäóêò³â
òåðìîë³çó. Íà ÷åòâåðòîìó â³äð³çêó êðèâî¿ ÒÃ âòðà-
òà ìàñè m4=17,5%. Öåé åòàï ñïðè÷èíåíèé ïî-
âíèì òåðì³÷íèì ðîçêëàäàííÿì òà îáâóãëåííÿì
êðîõìàëþ çà òåìïåðàòóðè 6000Ñ. Ï³ñëÿ íàãð³âàí-
íÿ äî 950°Ñ êîêñîâèé çàëèøîê öüîãî çðàçêà ñòà-
íîâèòü 5,6%.

Íà êðèâ³é ÒÃ çðàçêà åòåðèô³êîâàíîãî êàð-

òîïëÿíîãî êðîõìàëþ (ðèñ. 6) ìîæíà âèä³ëèòè
ø³ñòü â³äð³çê³â: ïåðøèé ïðè 30–1000Ñ, ïîâ’ÿçà-
íèé ç âèä³ëåííÿì àäñîðáîâàíî¿ âîäè m1<7,5%.
Âòðàòà ìàñè çà òåìïåðàòóðè 110–2400Ñ º íà-
ñë³äêîì â³äùåïëåííÿ êðèñòàë³çàö³éíî¿ âîäè,
m2=6,25%. Ó òðåòüîìó òåìïåðàòóðíîìó ³íòåð-
âàë³ 240–3200Ñ m3=36,25%, â³äáóâàºòüñÿ ïðî-
öåñ òåðì³÷íîãî ðîçêëàäàííÿ áåçâîäíî¿ ðå÷îâè-
íè, ùî çàëåæèòü â³ä õ³ì³÷íîãî ñêëàäó äîñë³äæó-
âàíîãî çðàçêà. Ï’ÿòèé òåìïåðàòóðíèé ³íòåðâàë
380–5000Ñ ç m5=13,75% º íàñë³äêîì îáâóãëåí-
íÿ. Øîñòèé òåìïåðàòóðíèé ³íòåðâàë 500–6400Ñ
â³äïîâ³äàº ïîäàëüøîìó ðîçêëàäàííþ ïîïåðåäíüî
óòâîðåíèõ îáâóãëåíèõ ïðîäóêò³â. Âèùå 6400Ñ
ìàñà çðàçêà ìîäèô³êîâàíîãî êðîõìàëþ íå
çì³íþºòüñÿ. Ï³ñëÿ íàãð³âàííÿ äî 9000Ñ êîêñî-
âèé çàëèøîê ñòàíîâèòü 6,25%.

Òàêèì ÷èíîì, çä³éñíåí³ òåðìîãðàâ³ìåòð³÷í³
äîñë³äæåííÿ îïîñåðåäêîâàíî ï³äòâåðäæóþòü
â³äì³íí³ñòü â õ³ì³÷í³é áóäîâ³ òà âëàñòèâîñòÿõ
âèõ³äíîãî íàòèâíîãî êðîõìàëþ òà éîãî åòåðèô³-
êîâàíîãî ïîõ³äíîãî.

Âèñíîâêè
Â ðåçóëüòàò³ âèêîíàíî¿ ðîáîòè íàìè áóëî

çä³éñíåíî ðåàêö³þ åòåðèô³êàö³¿ êàðòîïëÿíîãî
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êðîõìàëþ õëîðàíã³äðèäîì ïðîï³îíîâî¿ êèñëîòè
ó ÄÌÑÎ òà äîñë³äæåíî îäåðæàíèé ïðîäóêò ñó-
÷àñíèìè ô³çèêî-õ³ì³÷íèìè ìåòîäàìè. Çà äîïî-
ìîãîþ ßÌÐ òà åëåìåíòíîãî àíàë³çó âñòàíîâëå-
íî ñòóï³íü çàì³ùåííÿ ó ìîëåêóë³ êðîõìàëþ, ÿêèé
ñòàíîâèòü 1:1. Âèêîíàíî ïîð³âíÿëüíèé àíàë³ç
²×-ñïåêòð³â íàòèâíîãî òà ìîäèô³êîâàíîãî êðîõ-
ìàë³â, ÿêèé ïîêàçàâ, ùî ñïåêòðè ìàþòü ð³çíó
íåõàðàêòåðèñòè÷íó ÷àñòèíó (400–1000 ñì–1), êð³ì
òîãî â ²×-ñïåêòð³ åòåðèô³êîâàíîãî êðîõìàëþ
íàÿâíà ñìóãà ïðè 1731 ñì–1, ùî õàðàêòåðíî äëÿ
Ñ=Î ó ñêëàä³ åñòåðíî¿ ãðóïè. Ðåíòãåíîôàçîâèé
àíàë³ç íàòèâíîãî òà ìîäèô³êîâàíîãî êðîõìàë³â
ïîêàçàâ, ùî àöèëóâàííÿ ïðèçâîäèòü äî çìåíøåí-
íÿ êðèñòàë³÷íî¿ ôàçè ç 12 äî 2%.
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MODIFICATION OF POTATO STARCH BY PROPIONIC
ACID CHLOROANHYDRIDE AND PHYSICOCHEMICAL
INVESTIGATION OF THE RESULTING PRODUCT

O.S. Shulga, N.V. Simurova, S.I. Shulga, O.P. Perepelytsya

National University of Food Technologies, Kyiv, Ukraine

The article presents the results of the modification of potato
starch by propionic acid chloroanhydride and the physical and
chemical characteristics of the resulting product. Based on the analysis
of published data, the modification method was suggested in which
dimethyl sulfoxide (DMSO) is used. The chosen solvent is widely
used in organic synthesis since it is completely soluble in water,
therefore its residues can be completely removed after the reaction.
In addition, DMSO is low-toxic, it is used as a drug in pharmaceutical
industry. Propionic acid was selected as a modifier, because it is
widely used in food industry as a food additive E 280. The modified
starch is intended for the further application in food industry; that is
why the aforesaid reagents have been selected. The degree of
substitution in starch molecule was determined by means of NMR
analysis and elemental analysis, it proved to be 1:1. There is a band
at 1731.46 cm–1 in the IR spectrum of modified starch, this band is
characteristic of C=O in the ester group. The X-ray diffraction analysis
of native and modified starches showed that acylation leads to a
decrease in crystalline phase from 12% to 2%. The microscopic
study revealed that the modification of potato starch by propionic
acid chloroanhydride changes the size and shape of starch grains.
The thermal analysis showed that the thermogravimetric curve of the
modified potato starch is more complicated than that of native potato
starch which is explained by the change in the chemical structure.

Keywords: native starch; esterified starch; acylation; IR
spectroscopy; X-ray phase analysis; thermolysis; NMR spectros-
copy.

REFERENCES

1. Kryazhev V.N., Romanov V.V., Shirokov V.A. Poslednie
dostizheniya khimii i tekhnologii proizvodnykh krakhmala [Recent
achievements of chemistry and technology of starch derivatives].
Khimiya Rastitel’nogo Syr’ya, 2010, no. 1, pp. 5-12. (in Russian).

2. Bhosale R., Singhal R. Process optimization for the
synthesis of octenyl succinyl derivative of waxy corn and amaranth
starches. Carbohydrate Polymers, 2006, vol. 66, pp. 521-527.

3. Junistia L., Sugih A.K., Manurung R., Picchioni F.,
Janssen L.P.B.M., Heeres H.J. Synthesis of higher fatty acid starch
esters using vinyl laurate and stearate as reactants. Starch–Stärke,
2008, vol. 60, no. 12, ðð. 667-675.

4. Sagar A.D., Merrill E.W. Properties of fatty acid esters
of starch. Journal of Applied Polymer Science, 1995, vol. 58, no. 9,
pp. 1647-1656.

5. Santayanon R., Wootthikanokkhan J. Modification of
cassava starch by using propionic anhydride and properties of the
starch-blended polyester polyurethane. Carbohydrate Polymers,
2003, vol. 51, pp. 17-24.

6. Suvorova A.I., Tyukova I.S., Trufanova E.I.
Biorazlagaemye polimernye materialy na osnove krakhmala
[Biodegradable polymeric materials based on starch]. Uspekhi
Khimii, 2000, vol. 69, no. 5, pp. 494-504. (in Russian).

7. Aburto J., Alric I., Borredon E. Preparation of long-
chain esters of starch using fatty acid chlorides in the absence of
an organic solvent. Starch–Stärke, 1999, vol. 51, no. 4, pp. 132-
135.

8. Myllymaki V., Aksela R., Starch esterification method.
Patent US, no. 20070073051, 2007.

9. Fang J.M., Fowler P.A., Sayers C., Williams P.A. The
chemical modification of a range of starches under aqueous
reaction conditions. Carbohydrate Polymers, 2004, vol. 55, pp.
283-289.

10. Fang J.M., Fowler P.A., Tomkinson J., Hill C.A.S.
The preparation and characterisation of a series of chemically
modified potato starches. Carbohydrate Polymers, 2002, vol. 47,
pp. 245-252.

11. Stuart B.H., Infrared spectroscopy: fundamental and
applications. John Wiley & Sons, Inc., 2004. 221 p.

12. Namazi H., Fathi F., Dadkhah, A. Hydrophobically
modified starch using long-chain fatty acids for preparation of
nanosized starch particles. Scientia Iranica, 2011, vol. 18, pp.
439-445.

13. Hong L.-F., Cheng, L.-H., Lee C.-Y., Peh K.K.
Characterisation of physicochemical properties of propionylated
corn starch and its application as stabiliser. Food Technology and
Biotechnology, 2015, vol. 53, no. 3, pp. 278-285.

14. Nep E.I., Ngwuluka N.C., Kemas C.U., Ochekpe N.A.
Rheological and structural properties of modified starches from
the young shoots of Borassus aethiopium. Food Hydrocolloids,
2016, vol. 60, pp. 265-270.


