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Variety studying and variety science

Âñòóï
Ïøåíèöÿ, ÿê îäèí ç îñíîâíèõ ïðîäóêò³â 

õàð÷óâàííÿ ëþäèíè, º âàæëèâèì äæåðåëîì 
õàð÷îâèõ âóãëåâîä³â òà á³ëêà, à òàêîæ êàðî-
òèíî¿äíèõ ï³ãìåíò³â [1, 2]. Ñàìå âîíè â³ä³-
ãðàþòü âàæëèâó ðîëü ó çíèæåíí³ ê³ëüêîñò³ 
â³êîâèõ òà õðîí³÷íèõ çàõâîðþâàíü ÷åðåç âè-
ñîê³ ðàä³îïðîòåêòîðí³ âëàñòèâîñò³ òà àíòè-
îêñèäàíòíó àêòèâí³ñòü [3–5]. Êàðîòèíî¿äè 
â³ä³ãðàþòü âèð³øàëüíó ðîëü ó ôîðìóâàíí³ 
êîëüîðó áîðîøíà òà ìàêàðîííèõ âèðîá³â ³ç 
ïøåíèö³. 

Êîë³ð áîðîøíà âèçíà÷àºòüñÿ çà äîïîìîãîþ 
ñïåö³àëüíèõ ïðèëàä³â [6, 7]. Îäíèì ç íàéïî-
øèðåí³øèõ ñåðåä íèõ º ðåôëåêòîìåòð, ùî 
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Ìåòà. Ðîçðîáèòè ñïðîùåíèé ìåòîä îö³íþâàííÿ êîëüîðó áîðîøíà òà ìàêàðîí³â çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Adobe Photo Shop®. Ìåòîäè. Ìàòåð³àëîì äëÿ äîñë³äæåíü ñëóãóâàëî çåðíî ñîðò³â òà ñåëåêö³éíèõ ë³í³é 
âèä³â ïøåíèö³ Triticum durum, T. dicoccum, T. timopheevii ñåëåêö³¿ ²íñòèòóòó ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà òà çðàçêè 
Íàö³îíàëüíîãî öåíòðó ãåíåòè÷íèõ ðåñóðñ³â ðîñëèí Óêðà¿íè âðîæàþ 2018–2020 ðð. Íàâàæêè áîðîøíà òà øìàòî÷êè 
ò³ñòà ñêàíóâàëè çà äîïîìîãîþ EPSON Scanner 010 F. Êîë³ð îö³íþâàëè ç âèêîðèñòàííÿì ïðîãðàìè Adobe PhotoShop®. 
Ð³âåíü êàðîòèíî¿ä³â âèçíà÷àëè ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì. Ðåçóëüòàòè. Â³çóàëüí³ îö³íêè êîëüîðó áîðîøíà òà 
ìàêàðîí³â, âèñòàâëåí³ ð³çíèìè äîñë³äíèêàìè, ³ñòîòíî ð³çíÿòüñÿ (äî 2–3 áàë³â çà 9-áàëîâîþ øêàëîþ). Âîäíî÷àñ âèêî-
ðèñòàííÿ ðîçðîáëåíîãî ñïîñîáó åêñïðåñ-îö³íêè êîëüîðó çðàçê³â áîðîøíà é ìàêàðîí³â ó ïðîãðàì³ Adobe PhotoShop® 
³ç ñèñòåìîþ îö³íþâàííÿ êîëüîðó L*a*b*, ùî çàñòîñîâóºòüñÿ â ñó÷àñíèõ ðåôëåêòîìåòðàõ, äàº çìîãó îòðèìóâàòè äàí³ ó 
âèãëÿä³ ÷èñëîâîãî çíà÷åííÿ é çàáåçïå÷óº âèñîêó òî÷í³ñòü. Ó ðàç³ çàñòîñóâàííÿ ðîçðîáëåíîãî ñïîñîáó, óñòàíîâëåíî 
êîðåëÿö³éí³ çâ’ÿçêè ì³æ óì³ñòîì êàðîòèíî¿ä³â òà ïîêàçíèêîì b* áîðîøíà (r = 0,41 / ≤ 0,05) ³ ìàêàðîí³â (r = 0,60 / ð ≤ 0,001)
³ äàëî çìîãó âèä³ëèòè êðàù³ çà êîëüîðîì áîðîøíà ñåëåêö³éí³ ë³í³¿ 10-56, 10-65, 14-153, çðàçîê T. durum var. 
falcatomelanopus, çà êîëüîðîì ìàêàðîí³â – ë³í³¿ 10-56, 10-65, 11-29, 12-3. Âèñíîâêè. Ðîçðîáëåíèé ñïîñ³á çàáåçïå÷óº 
âèñîêó òî÷í³ñòü òà ìîæå âèêîðèñòîâóâàòèñü äëÿ îö³íþâàííÿ êîëüîðó ìàêàðîí³â ³ áîðîøíà ïøåíèö³, äàº çìîãó ñïðîñ-
òèòè îö³íêó äîñë³äæóâàíèõ çðàçê³â, ñòàíäàðòèçóâàòè ïàðàìåòðè ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿ òà óíèêíóòè 
ñóá’ºêòèâíîãî ñóäæåííÿ. Óñòàíîâëåíèé ñëàáêèé êîðåëÿö³éíèé çâ’ÿçîê ì³æ óì³ñòîì êàðîòèíî¿ä³â òà ïîêàçíèêîì b* áî-
ðîøíà ñâ³ä÷èòü ïðî âïëèâ íà êîë³ð áîðîøíà íå ò³ëüêè ïîìàðàí÷åâèõ, à é æîâòèõ òà ÷åðâîíèõ ï³ãìåíò³â, à ñåðåäí³é 
êîðåëÿö³éíèé çâ’ÿçîê ì³æ óì³ñòîì êàðîòèíî¿ä³â òà ïîêàçíèêîì b* ìàêàðîí³â âêàçóº íà âïëèâ ïðîäóêò³â ðåàêö³é îêèñ-
ëåííÿ ïîë³ôåíîë³â çåðíà ïøåíèö³. Âèä³ëåíî êðàù³ çà êîëüîðîì áîðîøíà òà ìàêàðîí³â ë³í³¿ äëÿ ñåëåêö³éíî¿ ðîáîòè 
ùîäî ï³äâèùåííÿ âì³ñòó êàðîòèíî¿äíèõ ï³ãìåíò³â ó çåðí³.

Êëþ÷îâ³ ñëîâà: êîëüîðîâèé ïðîñò³ð L*a*b*; áîðîøíî; ò³ñòî; åêñïðåñ-ìåòîä; óì³ñò êàðîòèíî¿ä³â.

âèì³ðþº â³äáèâíó çäàòí³ñòü áîðîøíà [8]. 
Êð³ì òîãî, çàðàç âèêîðèñòîâóþòüñÿ ïîðòà-
òèâí³ ñïåêòðîôîòîìåòðè [9]. Âîíè ïðàöþþòü 
íà îñíîâ³ «êîëüîðîâèõ ïðîñòîð³â» XYZ, Yxz, 
CIE LAB, CIE LUV, LChòà LAB&WI&YI. Ó 
öèõ «êîëüîðîâèõ ïðîñòîðàõ» êîë³ð äîñë³-
äæóâàíèõ îá’ºêò³â âèì³ðþºòüñÿ áåç âïëèâó 
ëþäñüêîãî ÷èííèêà, ùî â³äïîâ³äàº íîðìàòè-
âàì Àìåðèêàíñüêîãî òîâàðèñòâà ç âèïðîáó-
âàíü òà ìàòåð³àë³â (American Society for 
Testing and Materials), Íàóêîâî-äîñë³äíèöü-
êî¿ àñîö³àö³¿ ç áîðîøíîìåëüíîãî âèðîáíèö-
òâà òà âèï³÷êè (Flour Milling and Baking 
Research Association) òà ³í. (ASTM E313, 
ASTM D1925, AATCC, Hunter, CIE/ISO, YI, 
FMBRA) [10, 11)]. Ó òàêèõ ïðèëàäàõ âèì³ðþ-
ºòüñÿ âíåñîê ÷åðâîíîãî, çåëåíîãî òà ñèíüîãî 
êîìïîíåíò³â âèäèìîãî ñïåêòðó â êîë³ð äîñë³-
äæóâàíèõ çðàçê³â. Êîë³ðíà ìîäåëü L*a*b ìàº 
òðè ïàðàìåòðè âèçíà÷åííÿ êîëüîðó – ÿñêðà-
â³ñòü (Lightness) (L*), ÿêèé ìàº çíà÷åííÿ â³ä 
÷îðíîãî (0) äî ÿñêðàâîãî (100); à*– ïîêàçóº 
ñï³ââ³äíîøåííÿ ÷åðâîíî¿ òà çåëåíî¿ ñêëàäî-
âèõ êîëüîðó, äå ïîçèòèâí³ çíà÷åííÿ à* îçíà-
÷àþòü «÷åðâîíèé», íåãàòèâí³ – «çåëåíèé». 
Òðåò³ì ïàðàìåòðîì âèçíà÷åííÿ êîëüîðó º b*, 
ÿêèé âêàçóº íà ñï³ââ³äíîøåííÿ ì³æ çåëåíèì 

Liudmyla Vecherska
https://orcid.org/0000-0003-3513-6701
Oleg Golik
https://orcid.org/0000-0001-9893-8037
Liana Relina
https://orcid.org/0000-0003-2833-5841
Larysa Buriak
https://orcid.org/0000-0003-3025-1225
Sheliakina Tetiana
https://orcid.org/0000-0003-2255-8550



344 ISSN 2518-1017  Plant Varieties Studying and protection, 2020, Т. 16, №4

Ñîðòîâèâ÷åííÿ òà ñîðòîçíàâñòâî

é ñèí³ì ñêëàäíèêàìè êîëüîðó. Ïîçèòèâí³ 
çíà÷åííÿ b* îçíà÷àþòü «æîâòèé», à íåãàòèâ-
í³ – «ñèí³é» [12]. Àíàëîã³÷íèé ï³äõ³ä áóëî 
âèêîðèñòàíî çà ðîçðîáëåííÿ ìåòîäó îö³íþ-
âàííÿ êîëüîðó, ùî íå çàëåæèòü â³ä ïðèñòðîþ 
òà ìîæå áóòè ëåãêî â³äêàë³áðîâàíèé äî áóäü-
ÿêî¿ ñèñòåìè êîìï’þòåðíîãî çîðó [13]. Ïðè 
öüîìó L* êîðåëþº ç óì³ñòîì çîëè â áîðîøí³, 
à b* – ç³ âì³ñòîì æîâòèõ ï³ãìåíò³â. ²íäåêñ 
êîëüîðó áîðîøíà (L* – b*) êîðåëþº ç îáîìà 
ïàðàìåòðàìè [14]. Ó âèì³ðþâà÷³ Agtron Color 
Meter (Coffeetec, USA) äæåðåëî ñâ³òëà ï³ä-
ñâ³÷óº äîñë³äæóâàíèé çðàçîê áîðîøíà, ñâ³ò-
ëî, â³äáèòå â³ä ïîâåðõí³, âèì³ðþºòüñÿ ñïåê-
òðàëüíî íà òðüîõ äîâæèíàõ õâèëü – 436, 546 
òà 640 íì (ñèí³é, çåëåíèé òà ÷åðâîíèé êîëüî-
ðè â³äïîâ³äíî). Ñë³ä çàçíà÷èòè, âèêîðèñòàí-
íÿ òàêèõ ï³äõîä³â ïîòðåáóº äîñèòü êîøòîâ-
íîãî îáëàäíàííÿ. Âîäíî÷àñ ñïðîùåíà â³çó-
àëüíà îö³íêà çã³äíî ç [15] äóæå çàëåæèòü â³ä 
îñâ³òëåííÿ â ïðèì³ùåíí³. Êð³ì òîãî, íà öþ 
îö³íêó ³ñòîòíî âïëèâàº ñóá’ºêòèâíå ñóäæåí-
íÿ äîñë³äíèêà (ç³ð, ñïðèéíÿòòÿ êîëüîðó). 
Îòæå, àêòóàëüíèì º ðîçðîáëåííÿ ìåòîäó îö³-
íþâàííÿ êîëüîðó áîðîøíà é ìàêàðîí³â çðàç-
ê³â ïøåíèö³ ç âèêîðèñòàííÿì äîñòóïíîãî 
îáëàäíàííÿ.

Ìåòà äîñë³äæåíü – ðîçðîáèòè ñïðîùåíèé 
åêñïðåñ-ìåòîä îö³íþâàííÿ êîëüîðó áîðîøíà 
é ìàêàðîí³â çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Adobe Photo Shop®, ó ÿêîìó âè-
êîðèñòîâóºòüñÿ òàêà æ ñèñòåìà îö³íêè êî-
ëüîðó, ùî é ó ðåôëåêòîìåòðàõ – L*a*b*.

Ìàòåð³àëè òà ìåòîäèêà äîñë³äæåíü
Ìàòåð³àëîì äëÿ äîñë³äæåíü ñëóãóâàëî çåð-

íî ïøåíèö³ âðîæàþ 2018–2020 ðð. Âèêîðèñ-
òîâóâàëè ñîðòè ñåëåêö³¿ ²íñòèòóòó ðîñëèí-
íèöòâà ³ì. Â. ß. Þð’ºâà ‘Ñïàäùèíà’ (Triticum 
durum), ‘Ãîë³êîâñüêà’, ‘Ðîìàí³âñüêà’ (T. dicoc-
cum), 23 ïåðñïåêòèâíèõ ñåëåêö³éíèõ ë³í³¿ 
(T. dicoccum), çðàçêè T. durum var. falca-
tomelanopus, IR00137, SYR, äæåðåëî îçíàêè 
êðóïíîñò³ òà ñêëîïîä³áíîñò³ çåðíà äëÿ ïîëáè 
[16], T. timopheevii, UA 0300107, GEO, T. dicoc-
cum var. atratum, UA0300081, POL, T. dicoc-
cum var. atratum, UA0300214, USA (õàðàêòå-
ðèçóþòüñÿ âèêëþ÷íî âèñîêîþ ñêëîïîä³áí³ñ-
òþ òà âèñîêîþ òâåðä³ñòþ çåðíà [17], îòðèìà-
íèõ ç Íàö³îíàëüíîãî öåíòðó ãåíåòè÷íèõ ðå-
ñóðñ³â ðîñëèí Óêðà¿íè.

Äëÿ îö³íêè êîëüîðó áîðîøíà âèêîðèñòîâó-
âàëè ïëàíøåò ïëîñêîäîííèé íà 96 ëóíîê. 
Äëÿ îö³íêè êîëüîðó ìàêàðîí³â âèêîðèñòîâó-
âàëè ïëàñêèé øìàòîê ò³ñòà, âèãîòîâëåíèé çà 
ìåòîäèêîþ òåñòóâàííÿ ÿêîñò³ ìàêàðîí³â [15] 
(ðèñ. 1). Íàâàæêè áîðîøíà, ðîçì³ùåí³ â 
îêðåìèõ ëóíêàõ ïëàñòèêîâîãî ïëàíøåòó 

äëÿ òèòðóâàííÿ, òà øìàòî÷êè ò³ñòà çàâòîâø-
êè 4 ìì ñêàíóâàëè çà äîïîìîãîþ EP-
SON Scanner 010F çà ðîçä³ëüí³î¿ çäàòíîñò³ 
600 dpi. Êîë³ð ó ïðîãðàì³ Adobe Photo Shop® 
îö³íþâàëè çà äîïîìîãîþ ³íñòðóìåíòà «pipette» 
ðîçì³ðîì 3 × 3 pixel. Äëÿ êîæíîãî çðàçêà ïðî-
âîäèëè ø³ñòü âèì³ð³â. Òàêà ê³ëüê³ñòü ïîâòîð-
íèõ âèì³ð³â çàáåçïå÷óº ð³âåíü ïîõèáêè ñåðåä-
íüîãî íå á³ëüøå í³æ 2%. Ó òàáëèöÿõ 1 òà 2 
íàâåäåíî ñåðåäí³ çíà÷åííÿ. Òî÷êè äëÿ âèì³-
ðþâàííÿ îáèðàëè íàâêîëî öåíòðó íàâàæêè 
áîðîøíà àáî øìàòêà ò³ñòà, ùîá óíèêíóòè 
ñïîòâîðåííÿ êðàéîâîãî êîëüîðó.

Ð³âåíü êàðîòèíî¿ä³â âèçíà÷àëè ñïåêòðîôî-
òîìåòðè÷íèì ìåòîäîì â åêñòðàêòàõ àöåòîíó, 
ÿê îïèñàíî ó [18, 19].

Êîðåëÿö³éí³ çâ’ÿçêè âèçíà÷àëè çà êîåô³ö³-
ºíòîì Ï³ðñîíà.

Ðèñ. 1. Â³äñêàíîâàí³ çîáðàæåííÿ áîðîøíà òà ò³ñòà
³ç çåðíà ïîëáè

Ðåçóëüòàòè äîñë³äæåíü
Ñåëåêö³îíåðàì äîâîäèòüñÿ ïîñò³éíî ïðîâî-

äèòè çíà÷íó ê³ëüê³ñòü îö³íîê, ùî ïîâ’ÿçàí³ 
³ç âèçíà÷åííÿì êîëüîðó áîðîøíà é ìàêàðî-
í³â. Íàñè÷åí³øèé êîë³ð óêàçóº íà âèùèé 
óì³ñò êàðîòèíî¿äíèõ ï³ãìåíò³â. ×åðåç â³ä-
ñóòí³ñòü ñïåö³àëüíîãî îáëàäíàííÿ, òàê³ îö³í-
êè, çàçâè÷àé, ïðîâîäÿòü â³çóàëüíî. Çðîçóì³-
ëî, ùî îö³íêè, âèñòàâëåí³ ð³çíèìè äîñë³äíè-
êàìè, äóæå ð³çíÿòüñÿ, ùî áóëî ï³äòâåðäæåíî 
îòðèìàíèìè íàìè ðåçóëüòàòàìè (òàáë. 1 ³ 2). 
Ó òàáëèöÿõ íàâåäåíî ñåðåäí³ çíà÷åííÿ ðå-
çóëüòàò³â äîñë³äæåíü, ïðîâåäåíèõ ïðîòÿãîì 
2018–2020 ðð. ßê âèïëèâàº ç äàíèõ òàáëèöü, 
â³çóàëüíà îö³íêà êîëüîðó äóæå â³äð³çíÿºòü-
ñÿ (Í²Ð

0,05
 – 0,2) çàëåæíî â³ä ñóá’ºêòà äîñë³-

äæåííÿ.
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Òàáëèöÿ 1
Êîë³ð áîðîøíà ³ç çåðíà ïøåíèö³ ð³çíèõ âèä³â

Ñîðò/ë³í³ÿ ïøåíèö³

Êîë³ð çà îö³íêîþ â ïðîãðàì³ 
Adobe PhotoShop®, ñåðåäíº 

³ç øåñòè âèì³ðþâàíü
Êîë³ð çà â³çóàëüíîþ îö³íêîþ, áàë Óì³ñò êàðîòèíî¿ä³â, 

ìã/êã
L* a b* Äîñë³äíèê 1 Äîñë³äíèê 2 Äîñë³äíèê 3

‘Ãîë³êîâñüêà’ 78,0 1,6 10,0 5 7 5 1,35
‘Ðîìàí³âñüêà’ 72,2 2,8 9,0 5 5 5 1,14
‘Ñïàäùèíà’ 75,6 2,2 10,4 9 7 9 2,29
10-56 76,6 1,4 12,4 9 5 6 2,60
10-65 75,2 1,0 13,2 9 7 7 2,60
10-79 75,0 1,8 11,4 9 7 7 2,50
10-139 75,4 1,6 9,2 5 7 6 1,35
11-29 75,2 2,2 9,4 5 5 6 1,04
12-3 78,0 1,0 10,6 8 7 6 2,29
12-5 79,0 1,0 10,0 8 7 8 2,29
12-22 76,6 1,4 10,2 8 5 7 2,29
12-27 76,2 1,8 11,2 7 5 5 2,08
12-48 75,6 1,8 9,0 7 5 5 1,56
12-122 76,8 0,8 9,4 7 7 8 2,08
12-123 76,4 1,0 9,2 7 5 7 2,29
12-126 77,0 1,4 9,8 5 5 5 2,29
12-128 76,0 1,6 11,4 5 4 5 2,29
12-145 75,8 1,4 9,4 5 4 5 1,46
12-154 76,0 2,2 10,0 7 6 7 1,56
13-21 79,6 1,0 9,4 5 3 5 2,29
13-23 76,2 1,2 10,0 7 7 8 2,29
13-29 76,2 1,0 9,4 7 6 5 2,39
13-47 77,0 1,2 10,4 7 5 5 1,77
14-4 75,6 1,4 10,8 7 6 5 2,08
14-40 75,0 1,6 10,0 7 7 7 1,66
14-153 76,0 1,0 13,0 7 7 7 2,60
T. durum var. falcatomelanopus 74,2 1,8 12,8 9 9 9 3,19
T. dicoccum var. atratum POL 74,4 1,8 8,6 5 5 5 1,71
T. dicoccum var. atratum USA 74,4 2,0 9,2 5 5 5 1,62
T. timopheevii 70,0 2,4 9,6 5 3 3 3,12

Òàáëèöÿ 2
Êîë³ð ìàêàðîí³â ³ç çåðíà ïøåíèö³ ð³çíèõ âèä³â

Ñîðò/ë³í³ÿ ïøåíèö³

Êîë³ð çà îö³íêîþ â ïðîãðàì³ 
Adobe PhotoShop®, ñåðåäíº 

³ç øåñòè âèì³ðþâàíü
Êîë³ð çà â³çóàëüíîþ îö³íêîþ, áàë Óì³ñò êàðîòèíî¿ä³â, 

ìã/êã
L* a b* Äîñë³äíèê 1 Äîñë³äíèê 2 Äîñë³äíèê 3

‘Ãîë³êîâñüêà’ 73,6 4,0 11,2 5 3 5 1,35
‘Ðîìàí³âñüêà’ 56,4 5,8 13,8 1 3 1 1,14
‘Ñïàäùèíà’ 65,6 3,6 14,6 7 8 7 2,29
10-56 72,8 7,3 24,7 7 7 7 2,60
10-65 64,7 9,7 31,2 9 7 8 2,60
10-79 66,0 9,8 24,0 5 7 6 2,50
10-139 75,2 8,0 20,5 5 7 5 1,35
11-29 64,0 9,2 29,2 5 5 5 1,04
12-3 73,3 7,2 27,0 6 7 7 2,29
12-5 67,7 5,5 18,8 7 8 7 2,29
12-22 67,2 9,7 21,2 5 7 3 2,29
12-27 77,3 7,8 19,5 7 7 5 2,08
12-48 77,2 7,7 20,8 7 8 7 1,56
12-122 72,3 8,8 21,0 6 7 5 2,08
12-123 77,2 7,8 21,5 5 7 5 2,29
12-126 63,8 4,3 20,5 5 7 5 2,29
12-128 63,8 4,0 18,2 7 7 7 2,29
12-145 72,2 2,8 14,6 5 5 5 1,46
12-154 68,4 4,0 15,4 5 6 5 1,56
13-21 70,4 3,0 15,0 3 4 3 2,29
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Âîäíî÷àñ âèêîðèñòàííÿ ñïîñîáó åêñïðåñ-
îö³íêè êîëüîðó çðàçê³â áîðîøíà é ìàêàðî-
í³â ó ïðîãðàì³ Adobe PhotoShop® ³ç ñèñòå-
ìîþ îö³íêè êîëüîðó L*a*b*, ùî çàñòîñîâóºòü-
ñÿ â ñó÷àñíèõ ó ðåôëåêòîìåòðàõ, äàº çìîãó 
îòðèìóâàòè äàí³ ó âèãëÿä³ ÷èñëîâîãî çíà÷åí-
íÿ. Òàê³ äàí³ íàéö³íí³ø³ äëÿ ïîêàçíèêà b*, 
ÿêèé âêàçóº íà âì³ñò æîâòèõ ï³ãìåíò³â òà 
äàº çìîãó â³ä³áðàòè íàéêðàù³ çðàçêè ç òî÷-
íèì â³äòâîðåííÿì ðåçóëüòàò³â äîñë³äó. Ðîç-
ðîáëåíèé ñïîñ³á çàáåçïå÷óº âèñîêó òî÷í³ñòü 
òà ìîæå âèêîðèñòîâóâàòèñÿ äëÿ îö³íþâàííÿ 
êîëüîðó áóäü-ÿêî¿ ñ³ëüñüêîãîñïîäàðñüêî¿ 
ïðîäóêö³¿ (çåðíî, êðóïà, áîðîøíî, ìàêàðîíè, 
õë³á òîùî). Âèêîðèñòàííÿ ºäèíîãî êîëüîðî-
âîãî ïðîñòîðó äàº ìîæëèâ³ñòü ñïðîñòèòè 
îö³íêó òà ïîð³âíÿííÿ êîëüîðó äîñë³äæóâà-
íèõ çðàçê³â, à òàêîæ ñòàíäàðòèçóâàòè ïàðà-
ìåòðè ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿ é 
óíèêíóòè ñóá’ºêòèâíîãî êîìïîíåíòó.

Ó ðàç³ çàñòîñóâàííÿ ñïîñîáó åêñïðåñ-îö³íêè 
êîëüîðó áîðîøíà é ò³ñòà â ïðîãðàì³ Adobe 
PhotoShop® óñòàíîâëåíî êîðåëÿö³éí³ çâ’ÿçêè 
ì³æ óì³ñòîì êàðîòèíî¿ä³â òà ïîêàçíèêîì b* 
áîðîøíà (r = 0,41 / ≤ 0,05) ³ ìàêàðîí³â (r = 
0,60 / ð ≤ 0,001). Ñëàáêèé (äëÿ áîðîøíà) òà 
ñåðåäí³é (äëÿ ìàêàðîí³â) ð³âåíü êîðåëÿö³¿ 
ìîæíà ïîÿñíèòè òèì, ùî íà êîë³ð áîðîøíà 
âïëèâàº âì³ñò íå ò³ëüêè æîâòèõ ï³ãìåíò³â, àëå 
é ÷åðâîíèõ ³ ïîìàðàí÷åâèõ, ÿê³ òàêîæ íàëå-
æàòü äî êàðîòèíî¿ä³â. Êð³ì òîãî, íà êîë³ð ìà-
êàðîí³â ìîæóòü âïëèâàòè çàáàðâëåí³ ïðîäóê-
òè ðåàêö³é îêèñëåííÿ ïîë³ôåíîë³â çåðíà ïøå-
íèö³ ï³ä âïëèâîì ïîë³ôåíîëîêñèäàç [20]. Âè-
êîðèñòàííÿ ñïîñîáó åêñïðåñ-îö³íêè äàëî çìîãó 
âèä³ëèòè çà êðàùèì êîëüîðîì áîðîøíà ñåëåê-
ö³éí³ ë³í³¿ 10-56, 10-65, 14-153 òà çðàçîê 
T. durum var. falcatomelanopus [15], à çà êîëüî-
ðîì ìàêàðîí³â – ë³í³¿ 10-56, 10-65, 11-29, 12-3.

Âèñíîâêè
Âèêîðèñòàííÿ ñïîñîáó åêñïðåñ-îö³íêè êî-

ëüîðó çðàçê³â áîðîøíà é ìàêàðîí³â ó ïðîã-

ðàì³ Adobe PhotoShop® ³ç ñèñòåìîþ îö³íêè 
êîëüîðó L*a*b*, ùî çàñòîñîâóºòüñÿ â ñó÷àñ-
íèõ ðåôëåêòîìåòðàõ, äàº çìîãó îòðèìóâàòè 
äàí³ ó âèãëÿä³ ÷èñëîâîãî çíà÷åííÿ. Ðîçðîáëå-
íèé ñïîñ³á çàáåçïå÷óº âèñîêó òî÷í³ñòü òà 
ìîæå âèêîðèñòîâóâàòèñü äëÿ îö³íêè êîëüîðó 
áóäü-ÿêî¿ ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿ 
(çåðíî, êðóïà, áîðîøíî, ìàêàðîíè, õë³á 
òîùî). Âèêîðèñòàííÿ ºäèíîãî êîëüîðîâîãî 
ïðîñòîðó äàº çìîãó ñïðîñòèòè îö³íêó é ïî-
ð³âíÿííÿ êîëüîðó äîñë³äæóâàíèõ çðàçê³â, à 
òàêîæ ñòàíäàðòèçóâàòè ïàðàìåòðè ñ³ëüñüêî-
ãîñïîäàðñüêî¿ ïðîäóêö³¿ òà óíèêíóòè ñóá’ºê-
òèâíîãî êîìïîíåíòà. Óñòàíîâëåíèé ñëàáêèé 
êîðåëÿö³éíèé çâ’ÿçîê ì³æ óì³ñòîì êàðîòè-
íî¿ä³â òà ïîêàçíèêîì b* áîðîøíà ñâ³ä÷èòü 
ïðî âïëèâ íà êîë³ð áîðîøíà íå ò³ëüêè ïî-
ìàðàí÷åâèõ, à é æîâòèõ òà ÷åðâîíèõ ï³ã-
ìåíò³â, à ñåðåäí³é êîðåëÿö³éíèé çâ’ÿçîê 
ì³æ óì³ñòîì êàðîòèíî¿ä³â òà ïîêàçíèêîì b* 
ìàêàðîí³â âêàçóº íà âïëèâ ïðîäóêò³â ðåàê-
ö³é îêèñëåííÿ ïîë³ôåíîë³â çåðíà ïøåíèö³ 
ï³ä âïëèâîì ïîë³ôåíîëîêñèäàç. Âèä³ëåíî 
êðàù³ çà êîëüîðîì áîðîøíà òà ìàêàðîí³â 
ë³í³¿ äëÿ ñåëåêö³éíî¿ ðîáîòè ùîäî ï³äâè-
ùåííÿ âì³ñòó êàðîòèíî¿äíèõ ï³ãìåíò³â ó 
çåðí³.
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³ç øåñòè âèì³ðþâàíü
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Purpose. Develop a simplified method for estimating the 
color of flour and pasta using Adobe Photo Shop® software. 
Methods. The research material was grain of varieties and 
selection lines of wheat species Triticum durum, T. dicoc-
cum, T. timopheevii bred in the Ðlant Production Institute 
nd. a. V. Ya. Yuryev and samples of the National Center for 
Genetic Resources of Plants of Ukraine, 2018–2020 harvest. 
Batch of flour and pieces of dough were scanned using EP-
SON Scanner 010 F. Color was evaluated using Adobe Photo-
Shop®. The level of carotenoids was determined by spectro-
photometric method. Results. Visual assessments of flour 
and pasta color, presented by different researchers, differ 
significantly (up to 2–3 points on a 9-point scale). At the 
same time, the use of the developed method of express color 
evaluation of flour and pasta samples in Adobe PhotoShop® 
with the color evaluation system L*a*b*, used in modern 
reflectometers, allows to obtain data in numerical value and 
provides high accuracy. In the case of the developed me-
thod, correlations were established between the content of 

carotenoids and the index b* of flour (r = 0.41 / ≤ 0.05) and 
pasta (r = 0.60 / p ≤ 0.001) and allowed to select the best 
in flour color selection lines 10-56, 10-65, 14-153, sample 
T. durum var. falcatomelanopus, in pasta color – lines 10-56, 
10-65, 11-29, 12-3. Conclusions. The developed method 
provides high accuracy and can be used to evaluate the 
color of pasta and wheat flour, simplifies the evaluation of 
test samples, standardizes the parameters of agricultural 
products and avoids subjective judgment. The established 
weak correlation between the carotenoid content and the b* 
value of flour indicates the effect on the color of flour not 
only orange but also yellow and red pigments, and the ave-
rage correlation between the carotenoid content and the 
b* value of pasta indicates the influence of the products of 
polyphenols oxidation reactions of wheat grain. The best in 
color flour and pasta lines were selected for breeding work 
to increase the content of carotenoid pigments in grain.

Keywords: color space L*a*b*; flour; dough; express me-
thod; carotenoid content.
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