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The paper represents the experimental results of elaboration of qualitative method to
determine concentrations of vitamins A, D, and E in liquids and biological fluids by aid of computer
analysis of visual data. The H.S. Skovoroda’s KNPU Chemistry department staff has been working
on a software product for schools under the general name of “ColorKit”. The software allows
analyzing photo and video files. One of “ColorKit” application directions may be the investigation
of liquids and fluids optical densities parameters. Concerning the vitamins solutions, the research
primary task was to create a non-polar reagent for each vitamin, so that, the reagent would bind a
vitamin and rapidly form a complex of specific color. The intensity of the latter would be
proportional to the vitamin concentration, and would be determined by aid of web-camera and the
“ColorKit” program. The innovation of reagents preparation was proposed, i.e. saturated solution of
SOgs (for vitamin A), or SOz + N,Os (for vitamin D and E) in dichloride-ethane.

The experimental video analysis according to RGB-system established logarithmic
dependences of the solution color on vitamin A concentration. The correlation coefficients were
equal to 0.95-0.99. The highest magnitude of R was registered for comparison of vitamin A
experimental solution color with methylenic blue solution color, which was used as a colorimetric
standard for the computer processing of visual data. The analysis of vitamin E video files according
to RGB-system established logarithmic dependences of the solution color on vitamin E
concentration with low correlation coefficients. The same analysis according to “Black-White”
system displayed the linear correlation between the solutions concentrations and their color with R
magnitude equal to 0.998. The experimental vitamin D solutions video analysis to “Black-White”-
system established a linear correlation in the dependence of solution color intensity on the vitamin
concentration, with the high R magnitude, which was equal to 0.94. Of high practical application
might be the evaluation of vitamin D solutions concentrations dependence upon the samples
brightness.

Thus, algorithm of processing visual effects of vitamins qualitative colored reactions
alterations was established by aid of web-camera CNR-WCAMS820 and the ColorKit program. The
calibration graphs for the vitamin concentrations determination in solutions were obtained. The
elaborated method may be recommended to use at school conditions.

Key words: fat-soluble vitamins, computer programs, solution color density, solution
concentration.
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Bi3yasibHUX AaHuX. KomektumBom kadempu ximii XHITY imeni I'.C. CkoBopoau po3poOiseThes
nporpamMHe 3a0e3medeHHs Ul KT mif 3aransHoro HasBowo “ColorKit”. Ilporpama mo3Boiisie
aHamizyBatu ¢oto Ta Bimeo ¢ainu. OOUH 3 HANPSMKIB 3aCTOCYBaHHS MPOTPaMH MOXE OyTH
JOCHIUKeHHST TapamMeTpiB ONTHYHOI T'YCTMHH piguH. CTOCOBHO pPO3YHMHIB BiTaMiHiB, MEPIIUM
€TarnoM JIOCIIPKeHHsI OyJ0 CTBOPEHHS HEMOJIAPHOTO PEAaKTUBY AJIi KOXKHOTO BITaMmiHy, SKUI
3B’s13yBaB OM BiTaMiH 1 MBHUIKO (OpMYBaB OM KOMIUIEKC CHENHM(IYHOTO KOIbOPY. IHTEHCUBHICTH
OCTaHHBOTO Oysia O MporopIliiiHa KOHIIEHTpallii BiTaMiHy, 1 BU3HaYanach OW 3a IOIIOMOTOI0 BeO-
kamepu Ta nporpamu “ColorKit”. Byau 3anpornoHoBaHi po3po0JieHI peakTHBH: HACHUCHHH PO3YHH
SOj3 (mansa BiTaminy A), a6o SO3 + N2Os (s BiTaminiB D Ta E) y nuxsoperaHi.

AmHaui3 ekcrepuMeHTalbHUX Bifgeo ¢ainiB 3a RGB-cuctemoro BcTaHoBUB sorapudmivHy
3QJIEKHICTh IHTEHCHMBHOCTI KOJIbOPY PpO3YMHY BiJI KoHIeHTpamii Bitaminy A. KoedimienTn
kopessiii gopiBHioBanu 0,95-0,99. HaiiBuma Bennunna R Oyna 3apeecTpoBaHa Mpu MOPIBHSIHHI
KOJIBOPY €KCIEPUMEHTAIBHOIO PO3YMHY BiTaMiHY A 3 KOJBOPOM PO3UMHY METHIIEHOBOTO CHHBOTO,
mo OyB B3ATHH 32 KOJIOPUMETPHUYHUI CTAaHAAPT IS KOMII IOTEpHOI OOpPOOKHM Bi3yaJbHHX HaHHUX.
AHaniz Bigeo d¢ainiB 3 BitamiHoM E 3a RGB-cuctemoro BusBHB JorapudmidHi 3ajI€KHOCTI
IHTEHCUBHOCTI KOJBOPY PO3YHMHIB BiJ KOHIEHTpamiii BiramiHy E 3 HU3bKHMH KoedilieHTamu
Kopessiii. AHaji3 3a YOpHO-OLI0I0 CUCTEMOIO0 BCTAHOBUB JIIHIWHY 3aJI€KHICTh MI’K KOHLIEHTPALII€10
PO3UMHIB Ta IHTEHCHBHICTIO IX KOJIBOPY 3 BeNWYHHOIO R, mo nopisHioBana 0,998. Anamni3 Bimeo 3
eKCIIePUMEHTAJIbHUMH pO34YMHaMU BiTaMiHy D 3a 4opHO-0110I0 CHCTEMOIO JI0BIB HasBHICTh
THIHHOT 3aJIeKHOCTI KOHLIEHTpAIil BiTaMiHy BiJl iIHTEHCHBHOCTI KOJIbOPY MOTO PO3YHMHY 3 JOCHTH
BHUCOKOIO BennunHO R (0,94). lyke mpakTHUHUM MpU BU3HAYEHHI KOHIIGHTpAIill BiTaMiHy B
JNOCHITHUX 3pa3Kax TaKkoK MOke OyTH aHami3 3aJeXHOCTI KOHLEHTpamii BitamiHy D y
KaJmiOpyBaJIbHUX PO3YMHAX BiJ iX SICKPaBOCTI.

TakuM 4YMHOM, 3alPONIOHOBAHO AITOPUTM OOpPOOKH 300pakeHb 3 METOH BHU3HAUEHHS
KOHIIEHTpAllli PO3UMHY BITaMiHIB 3a JOMOMOTOK0 LU(poBUX MOOyTOBHX (OTONPHUCTPOiB (BEO-
kamepu CNR-WCAMB820). Bynu noOymoBani kaniOpyBaibHi rpadiku BU3HAUCHHS KOHIICHTpAIIii
BITaMiHIB y po3unHax. Po3poOiieHunii meron mMoxe OyTH PEKOMEHJIOBaHMN JUIi BUKOPUCTAHHS B
HIKITbHUX YMOBax.

Knwuoei cnoea: >upopo3urHHI BITaMiHM, KOMII'IOTE€PHI MpPOTrpaMM, T'YCTHHA KOJIbOPY
PO3UYNHY, KOHIIEHTPAIIisl PO3YUHY.

INTRODUCTION
Application of computer-dependent devices and gadgets, as the means helping
in school studies, allows inducing inquisitive activity of school students, considering
the students’ individual interests and abilities, providing the acting approach to
educational process organization, simplifying the processing of obtained information.
Computer measurement equipment for school biology and chemistry lessons is
produced by Ukrainian industry in insufficient quantities, with poor qualities and a
narrow spectrum of choosing. Therefore, elaboration of school computer soft- and
hardware for laboratory demonstrations, and its innovation in biology and chemistry
practical lessons remains to be one of the priority tasks of our educational process [1].
Computer technologies should be not an additional touch, but the inseparable
part of the whole educational process, where the former drastically enhances the
effectiveness of the latter [2]. The issue of a free computer program ‘“Microsoft
Visual Studio Express Edition” has given the opportunity to significantly decrease the
cost of school software invention and production [3].
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The H.S. Skovoroda’s KNPU Chemistry department staff has been working on
a software product for schools under the general name of “ColorKit”. The software
allows analyzing photo and video files. One of “ColorKit” application directions may
be investigation of liquids and fluids optical densities parameters [4]. This topic is of
great importance, since the prices of photoelectrocolorimeters are high, and, hence,
the majority of secondary schools do not possess such equipment. Besides, the
modern research devices are hard to understand in terms of principle of their work for
an average school student.

The “ColorKit” software is intended to analyze:

- Photography objects in formats of *. bmp; *. jpg; *. jpeg; *. gif; *. tif, as
well as photos obtained by a web-camera directly;

- Video data in formats of *. avi; *. mpg; *. mpeg, *.wmv, as well as real
time videos obtained by a web-camera directly.

The given program software allows determining:

- Color in the form of R, G, B, sub-pixels magnitudes (R —red, G — green, B —
blue); their minimal and maximal indexes, and the magnitudes dispersions;

- Colorinthe formof H, S, B (H — hue, S — saturation, B — brightness); their
minimal and maximal indexes, and the magnitudes dispersions.

For the more effective usage of “ColorKit” program in the school experiment,
one has to carefully elaborate the methods of the software application.

The objective of the present study is the elaboration of qualitative method to
determine concentrations of vitamins A, D, and E in liquids and biological fluids by
aid of computer analysis of visual data (with “ColorKit” program), which could be
used at school conditions.

MATERIALS AND METHODS

The main obstacle in identification and determination of fat-soluble vitamins in
solutions is that, these compounds have non-polar molecular structure, whereas the
reagents, which are supposed to react with them and form colored complexes in
guantitative reactions, are mostly polar, hydrophilic (sulfuric and nitric acids, FeCls,
FeSO,, SbCIy). Therefore, the research primary task was to create a non-polar reagent
for each vitamin, so that, the reagent would bind a vitamin and rapidly form a
complex of specific color. The intensity of the latter would be proportional to the
vitamin concentration, and would be determined by aid of a web-camera and the
“ColorKit” program. After careful consideration of the methods on the vitamins
determination represented in the scientific literature, and several preliminary
experiments to choose the most colorful reactions, the following procedures and
reagents were selected. According to the literature source [5], vitamin A is supposed
to react with saturated sulfuric acid with the formation of dense blue color, which is
to break down to intense yellow dose-dependently. On practice, the reaction never
went that way due to high polarity of sulfuric acid. Therefore, the method was
improved with preamble mixing saturated sulfuric acid and dichloride-ethane, as a
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non-polar, inert solvent. The latter absorbed SO; from the acid, and was used as the
complex qualitative reagent for vitamin A identification. When reacting with the
vitamin solution, it formed stable blue color, with dose-dependent intensity, easily
registered by the web-camera. In the case of vitamin D and E, dichloride-ethane was
mixed with saturated sulfuric and nitric acids, to absorb SOz and N,Os. Subsequently,
the reagent dose-dependently formed the complex of yellow-orange color with the
hydrophobic vitamins solutions. The innovation allowed us to operate with minor
concentrations of vitamins solutions, due to the high sensitivity of the method.

The research used initial solutions of vitamins (retinol acetate, ergocalciferol,
and tocoferol acetate, produced by “Lekchim” company, Uman, Ukraine) for the
construction of calibration curves.

The experimental setup included the following units (fig. 1): laboratory palettes
or cuvettes with vitamin solutions of different concentrations, which were placed in a
box and highlighted with a LED H, bulb on the background of white screen. The
reaction process was filmed with a web-camera CNR-WCAM820, which was
switched on to a mini-laptop Packard Bell ZG6.

Figure 1. General experimental setup

The filmed video was processed by the “ColorKit” computer program and the
result was represented by calibration curves.

RESULTS AND THEIR DISCUSSION
The experiments with vitamin A solutions of different concentrations revealed
that, the interaction of retinol acetate with SO, dissolved in dichloride-ethane led to
the formation of the product of dense blue color, which subsequently turned to
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yellow. The higher was the concentration of the vitamin in the solution, the slower
was the alteration of the color (fig. 2). Thus, in processing the dynamic visual data,
the time of the color change can pinpoint the concentration of the vitamin in the
investigated solution. Besides, by aid of the software, a colorimetric experiment of
vitamin A concentration determination was performed, where a solution of
methylenic blue was used, as a standard sample. The experiment showed the
colorimetric measurements to be carried out rapidly and directly after the addition of
the reagent to the vitamin solution, in order to avoid the breakdown of the blue
complex.

Figure 2. Laboratory pallette with vitamin A experimental solutions of
different concentrations immidiately after the interaction with the reagent

The experimental video analysis by aid of “ColorKit” according to RGB-
system established logarithmic dependences of the solution color on vitamin A
concentration (fig. 3).

The correlation coefficients were equal to 0.95-0.99. The experimental video
analysis by aid of “ColorKit” according to “Black and White” system revealed linear
correlation of dependence of solution black-white color and brightness on the vitamin
concentration, although the correlation coefficient was pretty low. The highest
magnitude of R was registered for comparison of vitamin A experimental solution
color with methylenic blue solution color, which was used as a colorimetric standard
for the computer processing of visual data.

All vitamin E experimental solutions were added the elaborated reagent (SO;
and N,Os dissolved in dichloride-ethane). Thus, each experimental cuvette contained
1 ml alpha-tocoferol acetate solution and 3 ml dichloride-ethane solution with
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dissolved SO; and N,Os. The experiment continued to the complete stop of color
development in all the cuvettes (fig. 4).
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Figure 3. Dependence of vitamin A solutions concentrations on their color,
analyzed by ColorKit program (RGB-system, green color)

161



36ipHuK HaykoBWX NpaLib XapKIBCbKOrO HaLlioHanbHOro neaaroriYHoro yHisepcuteTy imMeHi I'.C. Ckoopoau
BIONOrIA TA BANIEONOT'IA, 2017, Bun. 19

Figure 4. Laboratory cuvettes with vitamin E experimental solutions of
different concentrations (end of experiment)

The experimental video analysis by aid of “ColorKit” according to RGB-
system established logarithmic dependences of the solution color on vitamin E
concentration with low correlation coefficients. The same analysis according to
“Black-White” system displayed the linear correlation between the solutions
concentrations and their color with R magnitude equal to 0.998 (fig. 5). The
evaluation of vitamin E solutions concentrations dependence upon the samples
brightness and saturation by the program could be of high practical usage, as well.
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Figure 5. Dependence of vitamin E solutions concentrations on their color,
analyzed by ColorKit program (“Black-White”-system)

The experimental pattern of vitamin D concentration determination was
completely identical to that of vitamin E with the same reagents and solvent. There
were four calibrating samples, placed in cuvettes, as shown on fig. 6.

The experimental video analysis by aid of “ColorKit” according to “Black-
White”-system established a linear correlation in the dependence of solution color
intensity on the vitamin concentration, with the high R magnitude, which was equal
to 0.94 (fig. 7). Of high practical application might be the evaluation of vitamin D
solutions concentrations dependence upon the samples brightness.
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Figure 6. Laboratory cuvettes with vitamin D experimental solutions of
different concentrations (end of experiment)
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Figure 7. Dependence of vitamin D solutions concentrations on their color,
analyzed by ColorKit program (“Black-White-system)
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CONCLUSIONS

1. The method of vitamins A, D, E concentrations determination was
elaborated by analyzing solutions color with the usage of ColorKit program. Besides,
innovation of reagents preparation was proposed, i.e. saturated solution of SO, (for
vitamin A), or SO; + N,Os (for vitamin D and E) in dichloride-ethane.

2. Algorithm of processing visual effects of vitamins qualitative colored
reactions alterations was established by aid of web-camera CNR-WCAM820 and the
ColorKit program.

3. The calibration graphs for the vitamin concentrations determination in
solutions were obtained.

4. The elaborated method may be recommended to use at school conditions.
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Onpenenenne KOHIEHTPALMH KHPOPACTBOPMMBIX BHTAMHHOB B OHMOJIOTHYeCKHX
pacTBopax ¢ NOMOUIbI0 KOMIBIOTEPHOro 3kcnpecc-Merona. Tpuayo FO.A., Ceeunnkosa E.H. —
CraTbsl IpesicTaBIIseT SKCIIEPUMEHTANIbHbIE Pe3yIbTaThl pa3pabOTKHU KOJIMYECTBEHHOI'O METOA JUIs
ompeereHus KOHIEHTpanuii BUTaMuHOB A, D u E B OHOMOrMYECKHX >KHAKOCTSIX C MOMOIIBIO
KOMIIBIOTEPHOT'0 aHajn3a BU3yalbHbIX AaHHBIX. KomnektuBoM kadeapsl xumun XHITY umenu I'.C.
CkoBOpOIBl pa3pabaTbiBaeTCsl MPOTpaMMHOE OOecrneueHue sl LIKOJ TOJ OOIIMM Ha3BaHUEM
“ColorKit”. I[Tporpamma 1mo3BoJsieT aHaIu3upoBaTh (HoTo U BUAeo (aiiasl. OTHUM U3 HaNpaBIICHUH
MPUMEHEHUS] TPOrpaMMbl MOXKET OBITh MCCIEIOBAHUS NApaMETPOB ONTHUYECKON IIOTHOCTU
xuakocteid. KacatenbHo pacTBOPOB BUTAMUHOB, EPBBIM ATAIIOM HCCIEI0BaHMs OblUla pa3zpaboTka
HEMOJIIPHOTO pPEaKTHBa IJI1 Ka)XJ0ro BUTAMHMHA, KOTOPHIM CBSI3bIBaJl Obl BUTaMUH M OBICTPO
¢dbopmupoBan Obl KOMIUIEKC CHEIU(PHUUECKOro IBeTa. MHTEHCHMBHOCTH NOCIEIHEro Obuia Obl
MPOIMOPLMOHAIbHA KOHIIEHTPAllM BUTaMHHA, W OIpejessiaach Obl C MOMOIIBIO BeO-KaMmephl U
nporpammbl “ColorKit”. Beumn mpeioskeHsl pa3pab0oTaHHBIE PEaKTHBBI: HACBIIIECHHBIH PacTBOP
SO;3 (st Buramuaa A), nin SO3 + NOs (st BuramuaoB D Ta E) B muximopaTane.

AHanu3 SKCHEpUMEHTANbHBIX BHJeo (¢aitnoB cormacHo RGB-cuctemsl  ycranoBui
Jorapu(MHUUECKyI0 3aBUCHMOCTh MHTEHCUBHOCTHU I[BE€TA pAaCTBOpA OT KOHIIEHTpAIlMX BUTaMUHA A.
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Koaddurnmentsr koppensuuu Oputn paBHbl 0,95-0,99. Camasi Bbicokass BenuuumHa R Obuta
3aperucTpUpoOBaHa IIPU CPAaBHEHUHU IIBETA IKCIEPUMEHTAIbHOI'O pacTBOpa BUTAMHHA A C LIBETOM
pacTBopa METHJICHOBOTO CHHEro, KOTOPbIH ObUT B3AT 3a KOJIOPUMETPUUECKUN CTaHIapT Ui
KOMITBIOTEPHOU 00pabOTKH BU3YAIbHBIX JaHHBIX. AHaIU3 BUeo (aiinos ¢ BuramuaoMm E mo RGB-
CUCTEMBbI BBISIBUJ Jiorapu(MHUUECKHe 3aBUCUMOCTH HWHTCHCUBHOCTH IL[BETa pAcTBOPOB OT
KOHIIEHTpauuii BuUTaMuHa E ¢ HU3KUMH KO3 UIMEHTaMH KOPPEIALnU. AHAIN3 0 YepHO-Oenon
CUCTEeME YCTaHOBWJ JIMHEHHYIO 3aBUCUMOCTb MEXAY KOHIIEHTpalmued pacTBOpPOB U
MHTEHCUBHOCTBIO WX I[BE€Ta ¢ BenWuyuHOM R, kotopas Obuia paBHa 0,998. Ananmus Buueo c
SKCIIEPUMEHTAIbHBIMU DPACTBOPAaMU BUTaMUHA D 1o uepHO-0enoil cucreme [0Kazaa HalU4He
JUHENHON 3aBUCHMOCTH KOHLEHTpPAllMd BUTAMMHA OT WHTEHCUBHOCTU LIBETA €r0 pacTBOpa C
JOCTaTOYHO BBICOKOHM BenumunHOU R (0,94). OueHb IpakTUYHBIM MIPH ONPEACICHUN KOHIICHTPAIHMA
BUTaMHHA B ONBITHBIX 0Opa3lax TaKKe MOXET ObITh aHAIW3 3aBUCHMOCTH KOHIICHTPAIHH
BUTaMuHa D B KauOPOBOYHBIX PaCTBOPAX OT UX SPKOCTH.

Takum 00pa3oM MpemIokKeH aNropuT™M OO0pabOTKH H300paKEHUH C LENBI0 OINpeeICHUs
KOHIICHTpAllUd pPacTBOPOB BUTAMHHOB C IOMOIIBIO ITU(PPOBBIX OBITOBBIX (GoTONprOOpPOB (BEO-
kamepel CNR-WCAMS820). B mocTpoeHbl  KaMOpOBOYHBIE TpaguKd — ONMpeAeTICHHUs
KOHIIEHTpalluii BUTAMUHOB B pacTBopax. Pa3paboTaHHbIi METOA MOXET ObITh PEKOMEHIOBAaH s
HCIOJIb30BAaHUS B HIKOJIBHBIX YCIOBHSIX.

KnroueBble  cnmoBa:  KMpOpPAacTBOPUMBIE  BUTAMHHBI, KOMIIBIOTEPHBIE  IPOTPAMMBI,
MHTEHCUBHOCTH 1[BETA PACTBOPA, KOHIIEHTPALUs pacTBOpA.
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