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ABSTRACT

We have investigated the reaction of diterpeneidtglycosides with heteropolyanion of Keggin sture of 12-
molybdophosphoric acid by UV and IR spectroscope dssociative nature of the interaction was coméid. The
resulting slightly soluble associate was useclastrode activesubstance in plasticized membranes of ion-sekctiv
electrodes sensitive to steviol glycosides. Theeldped new film ion-selective electrodes, beingsitiga to
stevioside, have satisfactory electrode charadiess They are proposed for the quantitative deteation of
steviol glycosides in extracts, food products andneetics by direct potentiometry. A method forghantitative
determination of diterpene steviol glycosides itramts and industrial output by direct potentionyetras been
developed. The developed method meets all theremgemts of modern analysis - it is simple, expreafe and
affordable. It has sufficient selectivity, accuraand sensitivity.

Keywords: 12- molybdophosphoric acid, direct potentiome#lgctrode active substance, ion-selective eleetrod
stevia.

INTRODUCTION

Stevia is a natural non-carbohydrate sweetenerhwibi@00 times sweeter than sugar. It was usedeturies by
Guarani Indians as a sweetener and a medicinal. plan

The sweetness of the plant is provided by sweestanbes named diterpene glycosides, which arealmés of
steviol and have a collective name - "steviosidie'its turn, diterpene glycosides consist of fowajon glycosides:
stevioside, constituting 8-12% of dry weight of tplnt's leaves (ratio of sweetness to sugar — 2500),
rebaudioside A - 3-4% (400-450), rebaudioside €94 (60-80), dulcoside A - 0.4-0.6% (40-50) [1].
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Stevioside was extracted in 1931 by French chermMstBridel and R. Lyavey [2]. It is known from tHigerature
that the amount of glycosides from the plant St&®edaudiana is obtained by water or alcohol extradtom the
dry raw material [3-5].

Stevioside is registered in food industry as a fadditive E960, a sweetener [6].

The main disadvantage of stevioside is its bitféereaste. This is due to the fact that dulcosidglycosides,
rebaudioside C and stevioside least of all haverbéftertaste. Only rebaudioside A has the besé taost similar
to the taste of sugar. The higher is its percenttgebetter are the taste characteristics. Théeobwof the latter of
less than 60% will ensure a bitter taste [7]. Todsgvia extract of the highest purification degreatains 97% of
rebaudioside A.

The production technology of another type of steide, having no bitter aftertaste, provides anrmtdecular
fermentation of the common extract. Applicatiortlui technology results to ordinary stevia extejuiring pure
sweet taste without other flavors. [8]

Food additive E960 stevioside is used in the martufa of chewing gums, juice, soft drinks, alcobdieverages,
dairy products, pastries, marinades, sports nutriind table sweeteners [9-11]. Stevioside is Bimgias a
sweetener; and, in economic terms, it is threediofeaper than sugar. [12]

Stevioside is safe for use as a food sweetenaysgsdup to 1500 mg per day for 2 years. It is @sommended for
the prevention and treatment of many diseases, guim@m the problem of excess weight [13-14].

The principal methods of determining the quanti&attontent of steviosides are capillary electrophbisr gas and
gas-liquid chromatography [15-16], TLC with densiigtry [17], high performance liquid chromatograptith UV
detection [18] and IR spectrometry [19]. There isnadified spectrophotometric method of determinatif
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diterpene steviol glycosides, its essence beindeitermining the glucose equivalent to the weightdivérpene
glycosides. [20]

Existing methods are difficult to perform and requexpensive equipment, pure substance and highdyifigd
personnel. Therefore, the aim of our work is to imseselective electrodes for the quantitative dateation of
sweet diterpene steviol glycosides.

MATERIALS AND METHODS

UV absorption spectra were measured on a spectiopieter SF-46 in=200-350 nm range in quartz cuvettes (I=1
cm). Distilled water was used as a solvent in afles. UV spectra of these substances were recoetigely to
the solvent (distilled water). IR spectra were rded on Nicolet iIS10 with Fourier converter, mamtfiaed by
Thermo Scientific. Wavelength is given in ¢nin the direction of the long-wavelength regiorl #pectra were
recorded in the range from 5000 to 400’onith resolution of 4 cm and scanning speed of 1 cm/s.

Electrode characteristics of ion-selective eleasodere obtained using electrochemical cell:

AGCl Solution of the test KCl
Ag g~ Test solution Membrane substance : Ag
KCl C=1.010*M AgCl

The solution of MPA (12-molybdophosphoric acidsP0,,04526H,0) concentration C=1:002 mol/l was
prepared in the way described hereafter. 2.2940 theo sample was dissolved in 100.0 ml of distilledter at
temperature 70-8%C. Further solutions were prepared by dilutingghevious one.

The solution of Ba(Ng), (barium nitrate) concentration C=110* mol/l was prepared as follows: 2.6100 g of the
sample was dissolved in 100.0 ml of distilled watetremperature 2XC.

Stevia leaves extract was prepared as followsngpleaof dry Stevia leaves ~ 1.0 g poured with 70:8®f water
was being water bath extracted at 80%@0for 30 min. The resulting extract was cooledefiéd, poured into the
volumetric flask of 100.0 ml and made up the volumika water.

The solution of industrial extract of Stevia legvid® product of company «Novachem (Wuhan) I&E QCéd, »
(China), the content of rebaudioside A - 95% anaceatration C=1.002 mol/l, was prepared as follows: a sample
of 0.4830 g was dissolved in 50.0 ml of distilledter at room temperature.

The solution of industrial extract of Stevia legvid® product of company «Novachem (Wuhan) I&E QCéd, »
(China), the content of rebaudioside A - 50% anaceatration C=1.00° mol/l, was prepared as follows: a sample
of 0.4530 g was dissolved in 50.0 ml of distilledter at room temperature.

Dry extract of Stevia leaves for IR spectra registn was prepared as follows: a sample of dryi&teaves ~ 5.0g
poured with 70-80 ml of water was being water battracted at 80-98C for 30 min. The resulting extract was
cooled, filtered, transferred to the Petri dish dridd in the oven at 40-5C to remove the moisture completely.

The method of ionometric determination of steviesid industrial extract of Stevia leaves: a sangblstevioside ~
2.4 mg was dissolved in distilled water and pH té solution was adjusted to 3.0. The resulting teniuwas
transferred into the volumetric flask of 25.0 mlase up the volume with distilled water and quatitiedy
transferred into the electrochemical cell with ateyn of electrodes: ion-selective electrode (IS€)sitive to
stevioside, was an indicator, and silver chloridesva reference electrode. Electromotive force ef dhtained
sample was measured with the ionomer. Quantitativeent of stevia glycosides was determined byc#iiération
graph.

The method of ionometric determination of steviesid sweets "Chocolate bar with stevia": a sampleweets ~
22.42 g poured with 90-100 ml of water was wateth ieeated at 50-68C to dissolve. The resulting solution was
centrifuged, the upper fat layer was removed amdrémaining solution was filtered. The resultindguson was
poured into the volumetric flask of 100.0 ml anddmaip the volume with distilled water. Aliquots28.0 ml were
guantitatively transferred into electrochemicall,cpH was adjusted to 3.0, electromotive force o bbtained
sample was measured, and quantitative contenewibsiglycosides was determined by the calibratjoaph.
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RESULTS AND DISCUSSION
To study the reaction between diterpene steviotagides and MPA by UV spectroscopy after the piiakmny

formation of cationic complex particles of steviesiBa [21-22], the absorption spectra of Steviaaexs (Fig. 1),
MPA and their associate (Fig. 2) have been regidtat pH=6 [1].
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Fig. 1 — UV absorption spectra of Stevia leaves eatts (1 — an extract obtained by the author), 2 steviol glycoside preparation (contain
RebaudiosideA 95%), 3 — steviol glycoside preparation (contain &baudiosideA 50%), 4 — steviol glycoside preparation (contain
RebaudiosideA 40%)

The obtained experimental data show that the abiearpands of steviol glycosides (220-240 nm) aoeesl in all
extracts and correspond to the literature data. [L&ble 1 shows the results of spectrophotomettidysof Stevia
leaves extracts.

Table 1 - UV absorption spectra of STEVIA REBAUDIANA leaf extracts

Amax, M Characteristic €conditional
, ., 206 An intense absorption band = 208400
AN eXiLaecgztbhts:ned bY 40 Shoulde(220-230) 55400
322  Absorption band of medium strength 73400
Steviol glycoside 212 An intense absorption band 212000
preparation (contain 228 Shoulden(220-234) 140800
Rebaudioside&\ 95%o) 272  Absorption band of medium strength 35180
Steviol glycoside 210 An intense absorption band 174500
preparation (contain 228 Shoulder(220-234) 85640
Rebaudiosideé\s 50%0) 280 A weak absorption band 14160
Steviol glycoside 208  Absorption band of medium strength 88810
preparation (contain 228 Shoulden(220-234) 50410
Rebaudioside\ 40%0) 274 A weak absorption band 8890
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Fig. 2 — UV-absorption spectra 1 — solution MPA, 2 STEVIA REBAUDIANA leaf extract, 3 — associate SBa"- MPA

Spectral characteristics of the aqueous solutionioofc associate St-Ba - MPA retain absorption bands,
characteristic for the initial substances (Tab)e This indicates the invariability of chromophosgstem during the
reaction, and confirms the associative nature @ifrteraction.

Table 2 - UV absorption spectra of STEVIA REBAUDIANA leaf extract, MPA and their associate

Compound Amax, NM Features UV spectra €conditional
210 An intense absorption band 219200
H3PMo1,040 235 Shoulder (230-235) 113000
310 A weak absorption band 28000
STEVIA 202 An intense absorption band 208400
REBAUDIANA 240 Shoulden(220-230) 55400
leaf extract 322  Absorption band of medium strength 73400
Associate SBa 212 An intense absorption band 200000
with MPA 226 Shoulder(220-230) 158300
312 A weak absorption band 42600

In Raman spectrum, registered for the dry extré¢he crushed leaves of Stevia rebaudina (Figth#),following
characteristic bands are observed [23-25]: inteds®rption band is clearly shown at 3400"cicharacteristic for
oscillation of OH groups; the band at 2927 ‘toorresponds to methine CH protons; the band a-1B61 cn is
characteristic for oscillations of C = O group; thend at 1635 cth— for oscillations of C = C, and the band at
1100 cntt — for oscillations of ether C-O-C.

13
Pelagia Research Library



Natalia V. Lutsenko et al Der Chemica Sinica, 2016, 7(1):9-19

Log Inverse Refledtance

T T T T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

T T
4500 4000

Fig. 3 — Raman spectrum of dry STEVIA REBAUDIANA leaf extract obtained by the author

For comparison, Raman spectra of purified extragese taken with different content of rebaudioside A
manufactured by «Novachem (Wuhan) I&E Co., Ltd.hif@) (Fig. 4).
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Fig. 4 — Raman spectra of STEVIA REBAUDIANA leaf exracts: a) green, content of Rebaudioside A 95% «Nachem (Wuhan) I1&E
Co., Ltd.» (China); b) red, content of Rebaudiosidé& 50% «Novachem (Wuhan) I&E Co., Ltd.» (China); c)black, content of
Rebaudioside A 40% «Novachem (Wuhan) I&E Co., Ltd.XChina); d) blue, extract obtained by the author

Also, to study the nature of the interaction betvé®e diterpene steviol glycosides and MPA, andlémtify the
resulting ion associate, Raman spectra of the edéecand MPA were registered.

In the area of “fingerprints”, Raman spectra of é&xtract and associate were identical (Fig. 5), thiedabsorption
bands 1072, 925, 881, 761, 467 tim the associate spectrum correspond to the MRarakion bands (Fig. 6) [26-
28], indicating the associative nature of the iat&ion between MPA and glycosides of STEVIA REBABIAI
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Fig. 5 — Raman spectra of STEVIA REBAUDIANA leaf exract (blue) and associate St-B4-MPA (green)
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Fig. 6 — Raman spectrum oMPA

Raman,vma, (CmY): 4711.44; 3444.05; 3999.81; 3495.49, 3433.7803H) 3363.39, 3320.96, 3283.35, 3021.39
(OH); 2951.64, 2927.54 (CH); 1715.44, 1682.66, 1661(C=0); 1635.41 (C=C); 1428.16; 1412.66; 1366.38
1147.49; 1106.99; 1077.09, 1055 (C-O-C); 783.98, B8, 650.89; 570.85; 511.07; 437.78.

The ratio of reactants in the reaction betweerctt®nic complex particle stevioside-Band MPA was shown in

the previous studies by UV spectroscopy and ampetriartitration [29]. This allows us to simulatestfollowing
reaction:

3(St-Ba}+ + 2PMQ_20403_ — (St-Ba)3(PM012040)2l .

The results of instrumental studies of interact@ween heteropolyanion PMG,,> and organic cation complex
particle stevioside-B4 were used in the development of the potentiometethod of quantitative determination of
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stevioside. ISEs were designed with plasticizedyyioyl chloride membranes based on membrane sclvent
plasticizer - dibutyl phthalate (DBP) and dioctyhtpalate (DOP), wherein ion associate compositiir (
Ba)(PMo.,040)> Was used as electrode active substance (EAS) Eléttrode characteristics of developed ISE,
sensitive to cationic particle stevioside?Bahave been studied in different model solutionke Tnfluence of
various factors on the characteristics of develdi® (the slope of the electrode function and thedrity interval

of detectable concentrations of stevioside in that®n):

- The pH of the test solution;
- The nature of the membrane solvent-plasticizer;
- Quantitative content of EAS in the membrane.

A series of aqueous solutions of industrial extra€t Stevia leaves containing rebaudioside A 98%h wit
concentrations from 1.00° to 1.0102 mol/l was used to make calibration graphs [30].

Graphic dependence of the ion-selective electradenpial on the logarithm of stevioside concentratic = f (pC)
is shown in Figure 7.

240
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E, mv

1804

160+

140-

pH=3.0; m:as=0.006 g; solvent-plasticizer - DBP
Fig. 7 - Graphical dependence of the ion-selectiwectrode potential on the logarithm of the concemation of stevioside E=f(pC)

Table 3 - Dependence of electrode characteristic§ IGE according to the pH solution

pH Solvent-plasticizer S,m\B IinSa?irt]?,er:(Il " Cmin, mol/l
, DBP 26.5+1.0 1.010%-1.010°  1.010°
DOP 25.0+1.0 1.010%-1.010*  1.010*
s DBP 28.3+1.0 1.010%-1.010°  3.010°
DOP 25.4+1.0 1.010%-1.010*  1.010*
. DBP 22.8+1.0 1.010%-1.010°  5.010°
DOP 20.0+1.0 1.010%-1.010*  1.010*
. DBP 22.0+1.0 1.010%1.010°  5.010°
DOP 19.0+1.0 1.010%1.010* 5.010"
. DBP 16.3+1.0 1.010°-1.010°  5.010°
DOP 15.0+1.0 1.010%1.010°  1.010°
, DBP 20.2+2.0 1.010%1.010°  5.010°
DOP 16.0£2.0 1.010%1.010°  3.010°
. DBP 15.8+2.0 1.010°-1.010°  8.010°
DOP 15.0£2.0 1.010%1.010° 1.010°
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Main electrode characteristics of the developed W#E membranes sensitive to steviol glycosideqedeing on
the nature of the membrane solvent-plasticizerphdare shown in Table 3.

The experimental data have shown that optimal mldet characteristics are observed at pH=3.0 udimg t
membrane solvent-plasticizer DBP (linearity ~ C=105 M, the slope is close to the theoretical for dgutitarged
cations).

Table 4 shows the results of determining the eftdctjuantitative content of electrode active substain the
membrane on the characteristics of ISE (EAS-(Taj{B&0;,0,0)).

Table 4 - Dependence of electrode characteristic§ ISE according to the quantitative content electrde active substance in the
membrane (pH=3.0)

Solvent- Content of EAS in Range of
. , mv. . Cmin, mol/l
plasticizer the membrane, g linearity, mol/l
m=0.006 27.9+1.0
DBP m=0.011 28.3+1.01.010°-1.010°  3.010°
m=0.050 28.0+£1.0

The experimental data have shown that the quawmétaiontent of EAS in the membrane does not sicguifily
affect the characteristics of ISE.

The developed ISE with optimal electrode charasties has been used to develop the quantitativéanadefor
determination of the total conteof diterpene steviol glycosides. Graphic dependerfidbe ion-selective electrode

potential on the logarithm of the stevioside coi@ion E=f (pC) in the industrial product "Choctear with
stevia" manufactured by Zhytomyr confectionary dagt'ZS" is shown in Figure 8.

-804

-100

-1204

-1404

E, mV

-160

-180

20— —

pH=3.0; mas=0.006 g; solvent-plasticizer - DBP
Fig. 8 - Graphical dependence of the potential oht ion-selective electrode on the logarithm of theoncentration of stevioside E=f (pC) in
the industrial product

The determination of steviol glycosides in the isigial extracts of stevia leaves (with differenhtant of diterpene
glycosides and rebaudioside A) and in food for dims, sweets "Chocolate bar with stevia® manufectuby
Zhytomyr confectionary factory "ZS", was carriedt ¢ol validate the developed method. The resultsshoavn in
Table 5.
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Table 5 — The results of determination of the amourof diterpene steviol glycosides

Object Introduction, % Found, x+d3, % Sr

An extract containing Total Steviol Glycosides-

98%, Rebaudioside A-95% («Vilarus » Ukraine) 95.0 93.0+0.31 0.02

An extract containing Total Steviol Glycosides-
90%, Rebaudioside A-50% («Novachem 90.0 88.7+0.26 0.02
(Wuhan) I&E Co., Ltd.» China)

Sweets "Chocolate bar with stevia" manufactured

in Zhytomyr confectionary factory "ZS" 0.005 0.005+0.000% 0.01

STEVIA REBAUDIANA extract obtained by tr

10.0-20.0 10.95+0.18 0.01
author

The experimental data confirm the validity of ioretnic determination of the amount of diterpene istev
glycosides in industrial products and absence as.bi

CONCLUSION

The method of stevioside determination in the &xtod stevia leaves and industrial products wasetbgped using
the method of direct potentiometry with the develddSE. The method was tested on real objects cafstnial
products. The new technique meets all requiremeftsiodern analysis - it is simple and express, safd
affordable, has sufficient accuracy, sensitivitg aelectivity.
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