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ABSTRACT

The sensitive, accurate and precise spectrophotymetthod by specific absorption of quantitativéedmination

of the inulin substance after acid hydrolysis t@S3thydroxymethylfurfural(5-HMF) has been develop&He

specific absorption of 5-HMF, which is equal to 2886, has been determined experimentally. Thedatitn

characteristics of the proposed method (lineariagcuracy, precision, robustness) have been studidd

estimation of validation characteristics of the qgtitative determination methods of inulin substabgehe specific
absorbance allows us to conclude that using thénatkeis correct for routine analysis.
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INTRODUCTION

Inulin is a heterogeneous combination of polymerfrottose, which are in the form of D-fructofuraroand
connected by 8(2—1)-glycosides bonds [1,5,7,11,17]. Due to the fhat enzymes which able to decompose this
bonds are absence in the human body, inulin trapagses through the gastro-intestinal tract, cgusin
hypocholesteremic, hypoglycemic and prebiotic aif3,4,5,10,17,18].

Currently, monographs of substance inulin and degagns with inulin are absence in the State Pheopaeia of
Ukraine (SPhU). These are shown in the US anddBrigpharmacopoeias, where the inulin is widely detedrin
medical practice [2,9].

Methods of structural analysis and quality conwblthe inulin obtained from various plant sourcessén been
devoted a significant amount of research of domestid foreign scientists. The UV-/ visible spechofometry
methods are the most cost-effective and easy-towl 7].

For the quantitative determination of inulin methimgl UV spectrophotometry by specific absorption whssen
[11]. This method based on ability of inulin to ttest with forming of monomers, in particular frose, when
heated with 5% hydrochloric acid solution during Rours. Further heating of the reaction mediunddet an
intramolecular dehydration of obtained fructosehia product of acid-catalyzed conversion of polgbacides - 5-
hydroxymethylfurfural (5-HMF), which has the maximwabsorption at the wavelength of 285 nm. The reads
shown in Scheme 1 [10, 11, 20]. According to thiergdic work [11] the content of inulin is calcuéd taking the
specific absorbance to be 298.
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Sch. 1.Reaction of acid hydrolysis of inulin withthe generation of 5-HMF

Experimental evaluation of the metrological chagastics of the proposed method has shown thatthod has a
large error. According to the method, the contdrinolin in terms of fructose is 76.94%, the stambdeviation -
0.89% and the relative confidence interval - 1.90%9. In our opinion, too low results of analys&ncbe explained
by the formation side of humic substances, as agtlehydration of 5-HMF to levulinic and formic @§20], which
are very weakly absorbing compounds in the UV negiche study found that the temperature and timiefacid
hydrolysis has a significant influence on the fotiora of 5-HMF.

Spectrophotometry by the specific absorbance ignphieopoeial analysis method and its applicationsdoet
require a standard samples [13, 14, 15].Given Hwwve the aim of our work is to optimize the coiuwdis of the
method (hydrolysis time), the experimental deteation of the specific absorption score 5-HMF andlgation of
metrological characteristics of the developed maitho

MATERIALS AND METHODS

The substance of inulin manufactured by Alfa Addar A18425 batch number H5597was used in the exmetal
researches. According to the certificate, the moésof the substance is 7.67%, optical rotation736ulphate ash
<0.01%.

The analytical balance AV 204 S/A METTLER TOLEDO svased. Reagents, measuring glass-ware of class A
(first class) and excipients meeting the requiresenthe SPhU were used for the w§ik].

Thin-layer chromatography (TLC)
The TLC was performed on silica gel plates “SilufgMerk, Germany) with the mixture of 70 volumes gifcial
acetic acid, 60 volumes of chloroform and 10 volarokwater as the mobile phase.

1ul of the following solutions were applied sepanati the plate. The solutions of inulin (Inu), ghse (Glc),
fructose (Frc) and sucrose (Scr) each of them egticentration 10mg/ml were used as standards. EGrahalysis
of the hydrolysis products of inulin substance fsadutions were prepared under the following pracedTransfer
about 6.25 g of the inulin substance, accurateighesl, to a 25-ml volumetric flask, dissolve in ater, dilute with
water to volume, and mix. Transfer this solutioratoound-bottom flask with ground glass joint neattd 50.0 ml
of 5% hydrochloric acid solution. Connect the flaslbackflow condenser and place in a boiling watsh. Pipet
1.0 ml of this solution after 30 min (Frc-30), 60nnfFrc-60), 90 min (Frc-90), 120 min (Frc-120),01&in (Frc-
150), into separate 25-ml volumetric flask, dilutéh water to volume, and mix.
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The chromatograms in a continuous elution tankafoout 4 hours were developed. After removal of pitege,
evaporate the solvent in a current of warm air apday with a solution in acetone containing 1% wofv
diphenylamine, 1% v/v of aniline and 1% v/v of athosphoric acid and heat for 10 minutes at 130°.

High performance anion exchange chromatography wiplilsed amperometric detection (HPAE-PAD)

Structural analysis by HPAE-PAD was performed oricanchromatograph Dionex DX 500 IC with amperoricetr
detector and analytical column Carbo Pac PA1® (9x2#n). The sample (injection volume: k) was analyzed
with the use of eluent from 0.20 M (t=15 min) t&@.M (t=55 min) CHCOONa in 0.1 M NaOH; the speed of the
mobile phase is 1.5 ml/min, analysis time is furt@e70 min. Detection was performed under the foilig
conditions: E=0,40 V (=400 ms), &=1,0 V (,=200 ms), B=0,25 V (=400 ms) [1,6,7,8].

The content of fructose (X, %) in inulin substamcealculated by the formula:

xS

total

w% = x 100,

in which

'S - area of the peak due to the fructose;

> Storar — SUM oOf the areas of the peaks due to all componghe chromatogram obtained with test solution.

UV Spectrophotometry

The spectrophotometer “SPECORD 200" was used invtité. The developed spectrophotometric method is shown

in Figure 1. The measurements were performed witiZIcells at (20+1)°C. The content of inulin (X, ¥a)terms
of fructose is calculated by the formula:

_ AV1V,-100 _ A-50-25100
X= oy — = oy ———————,
AiemmVp(100-W)  Ajgy'm-2:(100-7.67)
in which

A — absorbance of the solution B;

V; — the volume of the volumetric flask for preparattbe solution A;

V, — the volume of the volumetric flask for preparattbe solution B;
A% — specific absorption of 5-HMF;

m - the amount, in g, of inulin substance;

¥, — the volume of the pipette;

W — moisture percentage of the analyzed inulin sulosta¥ (% is 7.67);

The statistical processing of the experimental eata carried out according to the Article of thehBP Statistical
analysis of the chemical experimefif16].

With purpose to determine the specific absorbarice-ldMF five solutions with the concentration 2.3@4-10
°g/ml were prepared according to the procedure wisckhown in Figure 1. The measurements were pagdr
with 1-cm cells at (20+1)°C. The values of the sfieabsorbance were calculated by the formula:

4% AViVp100 45025100
1em ™ m.(100-W) V100 m-(100-7.67)-2:100’

in which

A¥%  -specific absorption of 5-HMF;

A — absorbance of the solution;

V; — the volume of the volumetric flask for preparattbe solution A,

V, — the volume of the volumetric flask for preparattbe solution B;

¥, — the volume of the pipette,

W — moisture percentage of the analyzed inulin sulosta¥ (% is 7.67);
m - the amount, in g, of inulin substance taken.
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Fig. 1. The developed method of quantitative deterimation of the inulin substance by spectrophotometr by specific absorbance
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RESULTS AND DISCUSSION

In the absence of national normative documentatforgign standard Official Monographs "Inulin" (tHgS
Pharmacopeia 36) was usedfor evaluating of thdtsestiquantitative determination inulin substan&ecording to
these monograph the fructose content in inulin khaot be less than 94% and not more than 102%uledéed on
the driedbasis. Requirements for the complete tmicdy analysis results max, expressed as a one-sided
confidence interval of 95% is associated with hjBR) and low (BL) content tolerances (% of nominakpressed
by the relation [2,9]:

102-94

A, < B:a*—;a“;; A, < MaxAAs= = 40%

Beforehand the thin layer chromatography (TLC)h& hydrolysis products of the analyzed inulin sabst¢ were
conducted to establish the conditions of hydrolysisder which a greatest amount of 5-HMF are fornmguk
analysis were carried out according to the requaresnhof the British Pharmacopoeia monograph [2¢ fdsults of
the chromatography are shown in Figurel.
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Fig. 2. The chromatogram of hydrolysis stages of sulin substance after 30 min., 60 min.,
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The largest amount of 5-HMF is formed through 90-1Rinutes after initiation hydrolysis, as indicatiey the
intensity of the chromatographic spots (Frc-90-F20") (Fig. 2).

Monosaccharides and oligosaccharides in the irsulivstance and the standard fructose were deterrbindiigh
performance anion exchange chromatography withepgutsnperometric detector (HPAE-PAD) [1,6,7,8] (Fefy
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Fig. 3. The HPAE-PAD chromatogram of standard frucbse
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Fig. 4. The HPAE-PAD chromatogram of the substancmulin Alfa Aesar

According to the results of structural analysig(Fe3, 4) inulin substance before hydrolysis corstai free fructose
(retention time tR = 5.22 (Figure3)) in the amooh22.60%, as indicated by the first peak detechefy(Figure4).
Order to optimize the spectrophotometry method gpecific absorbance of 5-HMF obtained in the cowfe
hydrolysis has been determined experimentally. aif®rption maximum of 5-HMF is at the wavelengtt285 nm
(Figureb), which is consistent with literature dagj.
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Fig. 5.The UV absorption spectrum of 5-HMFobtainedn the course of hydrolysis
The results of determination of the specific abBorp(A1%,)of 5-HMF are shown in Table 1 and Figure 6.

Tab. 1. The results of determining of the specifiabsorption (A12) of 5-HMF

Ne Introgfnc]ﬁ(ié?ulln, The optical densityd* | A41% Metrological characteristics
1 2.56 0.5978 252.92 | v-25816

2 2.88 0.6880 258.72| s=3.00

3 3.20 0.7679 259.91| Sz=1.34

4 3.56 0.8415 258.93 | AX=2.86

5 3.84 0.9229 260.31 | &=1.11%

* — the average value of three measurements
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According of the results of study of the dependesicabsorbance on the concentration of inulin sarixs in the
solution the specific absorption of 5-HMF for surste inulin is 258+2.86.

Based on the national developments in the fieldnethods validation of drugs optimization of the wfitative

determination method of the inulin substance by dp¢éctrophotometry by specific absorbance was caonig [12-

16]. The acceptance criteria of the assay methpahidin substance were calculated consideringhefdetermined
value of specific absorption of 5-HMF and the pesifile limits (table. 2).

Fig. 6.The plot of the dependence of absorbance tre concentration of inulin substance in the solutin
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Concentration of inulin in the solution, Ci*10> r/mn

Tab. 2. The critical values of the for the systemat error (max &), total uncertainty of the analysis (maxAas) and the parameters of the
linear dependence Yi=beXi+a *

Parameter The calculation of the parameter The value
A, NM - 285
nom = (BH+BL)/2y
Xnom Bn— the upper permissible limit; 94.00-120.00
B, — the lower permissible limit

Al - 258
Crormg/100 ml Cror=[m, (100-W)- 100]- Dil- (%r/100) | 2.895 mg/100 ml
Anom Anon= A Gror 0.7499
maxAas% maxAas = B 4.00
maXdior = mamprec% maXd = ma)Ap,ec = (\/7/2) maxAas 2.83
RSD, % RSD; = maXApre / (tosoig-2) 1.20
RSDlange% RSDange= [ 15.81
min R min R2= 1. [R50 0.9942

RSDrange

*the number of points 5,

the permissible limits®2% (+4,0%), for the range of 80 -120%

For the preliminary assessment of the quantitatetermination method of inulin the comparison @& M3, with
the minimum nominal absorbance iR, was performed:

2
max AAs

Anon2

= 0.5000.

Considering that th& o, value exceeds miA,om (0.7499> 0.5000), the evaluation of the metrological parterse
for the substance inulin could performed withoutrection nominal optical density and/or permissibiats.

Uncertainty of the sample preparation

The requirements to maximum permissible error dfimetric glassware and instruments were used fiimason
of uncertainty of sample preparatidyy, (Table 3), which should be insignificant compatedthe maximum
permissible uncertainty of the analysis results{mga).
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Tab. 3. The assessment of uncertainty of sample graration of the quantitative determination method d the substance inulin

Operation of sample preparation | Parameter Uncertainty, %
Weighing on the analytical balance, mpg 20 0.2 mg/20 mg-100% = 1.00
Volumetric dilution, ml 50.00 0.17
Taking an aliquot, ml 2.00 0.50
Volumetric dilution, ml 25.00 0.23

Asi =V1% + 0.17% + 0.52+0.232= 1.15< 1.28%.

The uncertainty of sample preparation is insigaificcompared to the maximum permissible uncertaifitthe
analysis results:

Asp< 0.32-maxAss = 0.32-4.0 = 1.28%.
Total uncertainty of the analysis resultsfas)

The prognosis of the total uncertainty of the asiaglywas conducted according to the data of theeTab(the
uncertainty of the analytical operatidg,, = 0.49) and the formula:

Aps< \/max@tzot + A%, + A2, =/2.842 + 1.282 + 0.49% = 3.15 < 4.0%

The total uncertainty of the analysis results n@eeds the maximum permissible uncertainty.

Stability of solutions

The assessment of the stability of solutions withaentration 3.20- 10g/ml was performed during one hour (every
15 minutes), determining the absorbance of thestdstion. The results of the research are shovirahie 4.

Tab. 4. The results of the stability study of solibn

The term of stability studyn;, min (A*
Jhe erm of stabllty studyme mn (A% 5 | s, | RSD% | A% | ma

A | 0.7489| 0.7476| 0.7485| 0.7483| 0.7511| 0.7489| 0.11 0.18 0.38 2.83
* The values of the absorbance is the averagerektmeasurements of the solution.

The results presented in Table 4 confirm that smlubf inulin is characterized by stability for 1 hhe uncertainty
of the absorbance of the analytical solutionis 0.38%, and it is insignificani{ = 0.38%< 2.83% = maxXy).
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Fig. 6.The plot of linear dependence of absorbanam the concentration of inulin in the normalized cordinates

Linearity
Using 5 model solutions with the concentration 235%4-10g/ml (according to the range 80% - 120%) the
evaluation of linearity was performed. Absorbant¢éhe model solutions was measured three times mgitfoving
the cuvette. Due to the fact that the concentratiamd analytical signals are advisable to givehan riormalized
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coordinates the following values were calculated: = (A*/Aom):100%, X=(C/C,m):100%. The linear
dependence of rom X; (Y = b-X+a) shown in Figure 6 was plotted.

The calculated statistical values B, & S, RSDy and r (Table 5) shows that the requirements ferpdwrameters of
the linear dependence are performed.

Tab. 5. Metrological characteristics of the lineadependence

Parameter| Value Criteria (for permissible limits of 94-102%) Conclusion
b 0.9742 - -
S 0.9870 - -
1) statistical significancet(95%;g-2)- $= 2.37-$= 2.90 .
2 1.5000 ) g2) accepta(ble vagllié).84 satisfied
S 1.2247 - -
RSDy 1.07 2.83 satisfied
r? 0.9951 >0.9942 satisfied

*The range of 80-120%, the number of points is 5.

Accuracy

The results (Table 6) shows that the method isaztterized by accuracy (the systematic esrer1.04% meets the
requirements od < 1.79%) and by convergence (the relative confidentaval A, = 2.27%does not exceed the
critical value for convergence of the resifs. < 2.83%).

Tab. 6. The results of the statistical evaluationfadhe metrological characteristics of methods of gantitative determination of inulin
substances by spectrophotometry after acid hydrolys product is 5-HMFby themethod of specific absorbace

No. of the Accurately weighed quantity |  Introduced in % The Found in % to the Found in % to the
model solution of inulin (m=0.0201g) to the absorbance, concelr;ltratlon,Yl% introduced
Taking an aliquot, ml concentration, X A (Alc/‘}m=258) Z = (Yi/Xi) -100%
1 1,60 80.00 0.5978 77.59 96.96
2 1,80 90.00 0.6880 89.28 99.21
3 2,00 100.00 0.7679 99.66 99.72
4 2,20 110.00 0.8415 109.21 99.27
5 2,40 120.00 0.9225 119.78 99.79
Mean, Z% 98.96
Relative standard deviation, RS% 1.07
Relative confidence intervah,«% = t(95%,4)RSD, 2.27
Critical value for convergence of resultg. < 2.83% satisfied
Systematic erros,= [ X —100] 1.04
Criterion of the systematic error insignificances® Aag/vV5 = 1.79
2) if it is not satisfied 1), theh<max,,=2.83 satisfied
The overall conclusion of the method correct

* The values of the absorbance is the averagerettmeasurements of the solution
CONCLUSION

The optimal interval 90-120min of hydrolysis hasbeestablished under which a greatest amount oMb-ldre
formed.
The value of specific absorption - 258+2.86 of 5-Hfdr substance inulin has been experimentallyneeffi

The prognosis total uncertainty of the analysisiltesof the assay method for inulin not exceeds rtfaximum
permissible uncertaintA = 3.15 < 4.0%. The stability of the absorbance of the solutioh§-HMF (A; = 0.38%

< 2.83% = maxdy) at the wavelength of 285 nm for one hour has leegrerimentally proven. The percentage of
inulin using the developed method in terms of thetbse is98.99%.

The assessment of validation characteristics obdagxperimentally of the developed quantitativeedaination
method of the inulin substance by the specific giemace allows us to conclude that the method irecband can
be used for routine analysis, considering the soitplof the experiment and no need for using adéad samples.
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