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A method for the kinetic photometric determination of oxalate ion in aqueous solutions, in-
cluding extracts from foodstuffs, has been suggested. The initial rate method has been used: the
straight parts of kinetic curves (approximately 5 min) are processed by the least square method to
get the slope coefficients used as analytical signals. The procedure is based upon the oxalate ion
action as an activator in the iron(l1)-catalyzed reaction of iodide oxidation by potassium bromate.
Unlike the previously used light absorbance in the UV region, the suggested procedure controls
the rate of the iodine-starch complex formation at 590 nm. The greatest initial rate for the reac-
tion is at pH 5.05 of the acetate buffer solution and the optimal concentration of soluble starch
0.30 mg/mL. The calibration graph is linear in the oxalate concentration range (0.1-10) mg/mL.
In this interval precision error varies between 0.67 % and 4.71 %, accuracy error is within (0.22—
9.30) %. The procedure has been applied to food analysis by the standard addition method.
Aqueous extract has been obtained from 2.5 g of finely chopped sample of raw beet, stirred with
100 mL of water for 1 h, centrifuged, filtered, and quantitatively transferred to 250-mL volume-
tric flask. Determination of oxalate in 1-mL aliquot has required the same volume of colored beet
extract for a reference solution, but otherwise the procedure stands valid. The oxalate content has
been found to equal (379 + 2) mg/g of the raw beet (P = 0,95; n = 4), with 0.6 % precision error
and 3.0 % accuracy error.

Keywords: oxalate ion, kinetic analysis, initial rate method, bromate ion, iron(ll), iodine,
soluble starch, food analysis.

Introduction

Oxalic acid is the most common low-molecular-weight organic acid produced by living organisms.
It is mainly found in the form of a crystal hydrate with two water molecules. In nature, it can occur in
the free state, though more often it is in the form of its soluble salts, oxalates.

Oxalic acid is widely used in the production of dyes, inks, plastics, in chemical metallurgy (as a
special component for cleaning metals from rust and oxides), in the textile industry (in the dyeing of silk
and wool). In cosmetology it is used as a whitening component of creams. It is used to reduce the hard-
ness of water and to remove impurities [1].

Oxalate ions are usually synthesized as a result of incomplete oxidation of carbohydrates, as well as
during some biological and industrial processes. Oxalates are found in many plants, such as spinach,
mushrooms, celery, rhubarb, beet, and others. Knowledge of the concentration of oxalate in biological
fluids, such as blood and urine, can be useful in research, diagnosis, and medical care in the treatment of
various diseases, including chronic renal failure, primary hyperoxaluria, intestinal malabsorption, neph-
rolithiasis, steatorrhea, and others [2-5]. On the other hand, the low solubility of some oxalates (for ex-
ample, calcium oxalate) and their subsequent deposition on the surface of evaporation plants, reactors,
pipelines, pumps can lead to serious operational problems [6]. In this regard, the precise determination
of oxalate in various foodstuffs, biological and environmental matrices is of great interest.

The determination of oxalates in biological materials is usually performed by indirect colorimetry
and by precipitation of calcium oxalate followed by weighing or titration. A huge number of articles re-
lated to the determination of calcium oxalate are freely available, for example, its determination in urine
[7] and blood plasma [8]. In addition, oxalic acid was quantified by capillary gas chromatography in
plant tissues. Oxalate has been detected and quantified in cucumber, rhubarb, and other plant objects [9].
In their turn, a group of researchers from the Siberian Federal University managed to develop a selective
method for the quantitative determination of oxalic acid by ion chromatography with conductometric
detection using surface-grafted ionite [10].
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In 2011, the first ion-based low-pressure multistring ion chromatography method was introduced.
It is based on the use of short surfactants coated with octadecyl-silica monolithic columns [11]. In addi-
tion, ion chromatography was used by researchers to determine oxalates in alcohol-containing beverag-
es: tequila [12], beer [11]. Though in clinical analysis the most commonly used method is the high-
performance liquid chromatography. A method for determining oxalate ions in urine is known, based on
a combination of HPLC and mass spectrometry methods [13]. Besides, methods for the determination of
oxalate ions include titrimetry [14], luminescent analysis [15-17], and spectrophotometry [18, 19],
as well as capillary electrophoresis.

Among the methods used for analytical determination of the oxalate ion, kinetic methods stand out,
in which a wide variety of chemical reactions, including slow ones, can be used [20-22]. These methods
are characterized by a relatively small influence of the matrix compared to the measurement of the ab-
sorbance itself, as well as a generally negligible influence of concurrent processes. Another advantage is
their high sensitivity, which allows determination of the trace amounts of the analyte. However, their
disadvantage is the necessity to accurately reproduce the experimental conditions each time the analysis
is performed, and sometimes the analytical signal is based on absorption in the UV region, which re-
guires more expensive equipment and more careful compliance with the determination conditions.

There is a need in developing a simple, economical, reproducible, and accurate analytical method
for the photometric, perhaps colorimetric, determination of oxalate ion, which would be applicable to
food analysis. The present study deals with the kinetic photometric determination of oxalate, dependent
on relative changes of absorbance, therefore not subjected to the influence of intensive coloration of
some foodstuffs.

Experimental

Absorption measurements at fixed wavelength were performed using a KFK-2 photocolorimeter,
the spectrum characteristics were obtained with an ECOVIEW B-1100 spectrophotometer. A pH-meter
millivoltmeter «kEXPERT-pH» and an ELMI CM-6M centrifuge were used in several experiments.

Reagents included the following:

A standard solution of oxalate ion 1000 pg/mL was prepared by dissolving 0.1422 g of ammonium
oxalate monohydrate (NH,),C,0,-H,O in distilled water and diluting it to the mark in a 100-mL volume-
tric flask. Working solutions were prepared by precise diluting in distilled water.

A solution of iodide ion 0.120 M was prepared by dissolving 2.0021 g of analytical grade reagent
potassium iodide Kl in distilled water and diluting it to the mark in a 100-mL volumetric flask.

A solution of iron(Il) ion 1000 png/mL was prepared by dissolving 0.7021 g of analytical grade rea-
gent ammonium iron(ll) sulfate hexahydrate in 0.10 M sulfuric acid and diluting it to the mark in a 100-
mL volumetric flask. Working solution of iron(Il) ion 7 ug/mL was prepared by precise diluting in dis-
tilled water.

A standard solution of bromate ion 0.1000 M was prepared by dissolving 1.6700 g of analytical
grade reagent potassium bromate KBrO; in 100 mL of distilled water.

A solution of starch 10.0 mg/mL was prepared by suspending 0.500 g of soluble starch in 10 mL of
cold distilled water to get the starch paste. Then 40 mL of distilled water was brought to a slow boil and
the starch paste was added to the boiling water and quickly stirred for 2 minutes. The solution should be
colorless, it was checked visually and by measuring the absorbance of the prepared starch solution
against water on a KFK-2 photocolorimeter.

Solutions of 1.0 and 0.50 M sulfuric acid were prepared by diluting concentrated sulfuric acid with
distilled water.

A solution of 0.500 M sodium acetate was prepared by dissolving 6.8047 g of sodium acetate trihy-
drate in 100 mL of distilled water.

A 0.500 M acetic acid solution was prepared by diluting 2.86 mL of glacial acetic acid with distilled
water in a 100 mL volumetric flask to the mark.

An acetate buffer solution (pH = 5.0) was prepared by mixing 70.5 mL of 0.500 M sodium acetate
with 29.5 mL of 0.500 M acetic acid solution.

Buffer solutions were prepared by mixing various volumes of 0.500 M sodium acetate and 0.500 M
acetic acid.
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The procedure of oxalate determination was as following: 1.0 mL aliquot of a working oxalate solu-
tion with the suitable concentration (1-100 pg/mL) was transferred into a 10-mL graduated test tube.
Then 2.0 mL of the acetate buffer solution (pH = 5.05) was added followed by 1.0 mL of a 7 pg/mL
working solution of iron (Il). Then 1.0 mL of 0.120 M iodide solution was added. The solution was di-
luted to 8.0 mL with distilled water. Then 1.0 mL of 3.0 mg/mL starch solution was added and mixed.
The last stage consisted of adding 1.0 mL of 0.100 M potassium bromate solution. The stop clock was
started just after the addition of the last drop of bromate solution and a portion of it was transferred into
a 1-cm glass cuvette. The change of absorbance with time was measured against distilled water at wave-
length 590 nm. The initial rate was calculated as follows: the linear part of a kinetic curve was identified
(approximately 5 min), and the least square method was applied to experimental values in that range to
get the slope coefficient (the tangent of the slope angle). For measurements of the blank experiments (in
the absence of oxalate ion), the addition of a working solution of oxalate was excluded, otherwise the
method adhered to the one described above.

To determine the content of oxalate ion in foodstuffs, namely, beetroot, a selected root crop of suf-
ficient ripeness, medium size, and without mechanical damage was washed, peeled and finely chopped.
After that, approximately 100 mL of distilled water was added to 2.5 g of the obtained sample and inten-
sively stirred for 1 hour. Next, the solution was filtered into a 250-mL volumetric flask, washing the re-
maining sample on the filter with distilled water, and the filtrate was diluted to the mark. In some expe-
riments a centrifuge was used to facilitate the separation of solid particles from the solution. The result-
ing solution should have a deep red color and contain as little suspended matter as possible. Due to the
solution color the reference solution was changed for further measurement. To prepare it, 1.0 mL of the
resulting extract was diluted by a factor of ten with distilled water. No other reagents were added. For
analysis, 1.0 mL of the resulting extract was added to a graduated 10-mL test tube, and then the proce-
dure adhered to the method described above.

Results and Discussion

A method of sensitive oxalate determination in foodstuffs is based upon studying its activation ef-
fect on the catalytic action of iron(ll) in the reaction of iodide oxidation by bromate ion [22]. For all ad-
vantages of this procedure it is not without demerits, as the chosen analytical signal is the absorbance of
triiodide ion [ls]", which is measured at A = 352 nm. Obviously, the visible region ought to be more
suited for mass analysis. At the same time, a well-known complex of iodine with starch, long used in
analytical chemistry, has intensive dark-blue coloring.

In order to adapt the method to visible region of light absorbance, we confirmed the spectrum of the
iodine-starch complex, necessary in separation of the oxalate analytical effects and the blank experi-
ment. The solution for spectrophotometric measurement contained all reactants according to the proce-
dure described above, except oxalate. The spectrum in the range 400-750 nm is shown in Fig. 1.
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Fig. 1. Light absorption spectrum of the iodine-starch complex
(Cs =3.0 mg/mL, Cge = 0.7 pg/mL, Cy, = 0.010 M, pHyyt = 5.0)

The curve contains a single flattened maximum within the range 565-595 nm, further investigations
were carried out on a KFK-2 photocolorimeter with a light filter 590 nm.
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The analytical signal for oxalate determination is the rate of the iodine-starch complex formation af-
ter oxidation of iodide by potassium bromate, therefore, the rate of color appearance. Iron(ll) catalyses
the process, while oxalate appears to activate the catalyst. It means that the reaction of iodine formation
also proceeds without oxalate. The absorbance-time dependence is shown in Fig. 2.
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Fig. 2. Absorbance-time plots for the iodine-starch complex formation
(Cre = 0.7 pg/mL, Cpr = 0.010 M, pHpys = 5.0;
1,1': Cs=0.10 mg/mL, 2, 2': Cs = 1.0 mg/mL; 1, 2: Cox = 1.0 pg/mL, 1', 2': Cox = 0)

In a short time the absorbance measurements develop into quite intensive values both for the oxa-
late-containing solution and the blank experiment. Actually, it is not of great importance, as the analyti-
cal signal in kinetic methods is not the absorbance itself, but the rate at which it changes during a reac-
tion. The comparison allows us to conclude that the difference between dependences in the presence of
oxalate and its absence does exist. Unlike many oxidation reactions, this one does not include any induc-
tion period, during the determination procedure the absorbance can be measured at once. The rate also
depends on the starch concentration, which has an ability to increase the initial rate (for the first 5 min
especially), the other stage of color development shows much slower rate that tends to zero. Clearly, it is
not simply an indicator for the produced iodine, but a reactant influencing the process.

Investigation of the starch concentration influence has been carried out in the range (0.01-1.0)-10% g/mL
in the cuvette solution. Starch has been added before potassium bromate, the addition of which starts the
reaction and the absorbance measurement process. After identifying the straight-line part of the kinetic
curve in the beginning of it, we have calculated the initial rates values. Each rate measurement has been
accompanied by the corresponding blank experiment with the same concentration of starch, but without
oxalate ion. Figure 3 represents the results of the measurement series.

The starch concentration influences the initial rate of both check and blank experiments. Increasing
starch concentration leads to the regular trend in rising the color intensity. That is why much too high
starch concentration values makes the oxalate determination difficult. However, when starch concentra-
tion is too low, we come up against difficulties of another nature: bad reproducibility because of concur-
rent reactions of iodine production, the formation of its starch complex, and oxidation by oxygen dis-
solved in water. The maximal differences of initial rates in the presence of oxalate and its absence is ob-
served at 3.0-10* g/mL of starch, which has been chosen for further study.

Acidity of the reaction medium influences the formation of the triiodide ion [22], therefore the study
of the rate-pH dependence is important for our procedure. To maintain weakly acidic medium, we have
used acetate buffer solutions with the pH values in the range 2.6-6.0, adding them to all other components
as usual. The pH influence proved a complicated one. The greatest differences between the reaction rates
of oxalate-containing solution and the blank experiments have been observed on the edges of the interval.
However, at pH 2.69 the solution has turned into dark brown instead of the typical dark blue color.
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Fig. 3. Effect of starch concentration on the initial rate
(Cre = 0.7 pg/mL, Cp = 0.010 M, pHyyt = 5.0; 1: Cox = 1.0 pg/mL, 1': Cox = 0)

It can be explained by the soluble starch decomposition into dextrin and the brown coloration of iodine pro-
duced by the oxidation. In this case starch cannot play the role of a visible indicator anymore. The end of the
interval, though providing notable differences in the analytical signal, especially at pH = 5.83 and pH = 6.00,
has shown a tendency to irreproducibility. Under these conditions iron(ll), which is necessary as a catalyst to
the reaction, is oxidized by oxygen with greater ease and changes the initial rate of the iodine formation.

A part of the rate-pH plot is shown in Fig. 4.
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Fig. 4. Effect of the buffer solution pH value on the initial rate
(Cre = 0.7 pg/mL, Cyr = 0.010 M, Cs = 0.3 mg/mL; 1: Cox = 1.0 pg/mL, 1': Cox = 0)

The pH values 4.69 and 5.05 have been of our main interest here. The rate differences are high
enough, at the same time all components keep their properties intact. Choosing between these two val-
ues mean remembering the distribution of ions in the aqueous solution of oxalic acid.

H,C,0, 2 HC,O4 + H+, pKal =1.25. (1)

HC,0, 2 C,0° +H"; pKy=4.22. )

At pH 4.22 the hydrogen oxalate form is equimolar with oxalate, according to (2), while at pH 5 the

completely ionized C,0,% form dominates among other forms of the analyte in an aqueous solution.

Taking this into account, we have chosen the second stable maximum of the rate difference, namely, pH
equaling 5.05 to use for the developed procedure.

At optimal conditions the calibration curve for oxalate determination has been plotted. The initial

rates of the indicator reaction adhere to linear law from 0.10 to 10.0 pg/mL of the analyte. The least
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square method has been used to get the characteristics of the linear plot, and the equation of linear re-
gression looks like:
Y =(0.050 = 0.002) + (0.0115 + 0.0004) X.

The linear approximation is good enough, with R* = 0.9982. As expected, the line graph does not
pass through the origin of the coordinates. The indicator redox reaction can proceed with noticeable rate
in the presence of the Fe*" catalyst alone, without participation of the oxalate activator.

In order to evaluate the metrological characteristics of oxalate determination by the suggested me-
thod we have analyzed the mixtures of the known amounts of diluted standard solutions in the complete
range of the linear calibration graph. For each of the studied oxalate concentrations the number of repli-
cate analyses equals 5, each series has been tested for outliers. After calculating initial rates we have
found the concentrations in the analyzed solutions using the linear regression equation. Evaluation of
metrological characteristics has been carried out on the basis of conventional statistical criteria at confi-
dence level P = 0.95. The obtained samples of the initial rate values and the corresponding concentra-
tions with their confidence intervals are tabulated in Table 1.

Table 1
Evaluation of oxalate determination errors
C(C,0,%), Ci, the mean, S, AC, AC .

pg/mL go pg/mL pg/mL pg/mL ng/mL | ¢ 100% 5, %
0.0564 0.101
0.0566 0.102

0.1 0.0529 0.095 0.099 0.0031 0.0039 3.90 1.00
0.0556 0.100
0.0536 0.096
0.0607 0.941
0.0568 0.881

1.0 0.0563 0.873 0.907 0.034 0.043 4.71 9.30
0.0611 0.947
0.0577 0.895
0.0840 2.127
0.0841 2.129

2.0 0.0843 2.134 2.123 0.020 0.025 1.19 6.15
0.0825 2.088
0.0845 2.139
0.0865 2.556
0.0872 2.577

2.5 0.0899 2.657 2.621 0.051 0.063 2.42 4.84
0.0894 2.642
0.0904 2.671
0.1106 4.920
0.1118 4973

5.0 0.1132 5.036 4,989 0.045 0.056 1.14 0.22
0.1128 5.018
0.1123 4.996
0.1361 7.344
0.1378 7.435

7.5 0.1384 7.468 7.418 0.047 0.059 0.80 1.09
0.1379 7.441
0.1372 7.403
0.1700 9.977
0.1714 10.059

10.0 0.1696 9.953 10.024 0.054 0.067 0.67 0.24
0.1715 10.065
0.1715 10.065
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It is not surprising that precision is expressed in smaller numbers with increasing oxalate concentra-
tion; all the values are within the range (0.67—4.71) %. As for accuracy, we have evaluated it by compar-
ison with the added concentration of the standard solution, the errors are contained within the interval
(0.22 —9.30) %, but mostly to the smaller side.

Thus, the kinetic photometric oxalate determination, based upon its activation of the iron(ll)-
catalyzed reaction of iodide oxidation by bromate ion, controlled by the absorbance of iodine-starch
complex in the visible light, has proved to be metrologically sound. The studied method has been ap-
plied for food analysis, as oxalate is one of the controlled components in foodstuffs.

The obvious choice for analysis of foodstuffs is the method of standard additions, routinely used for
objects with multicomponent matrices. Besides, this is one of the methods for accuracy corroboration.

To determine the content of oxalate ion in foodstuffs, raw beetroot was selected as an example, high
enough in oxalate content and strongly colored. The mass of the prepared (washed, peeled, and chopped)
beet sample equaled 2.5 g. In order to obtain the aqueous extract of water-soluble oxalate from the plant
tissue it was stirred for an hour with 100 mL of distilled water. The extract after centrifugation and fil-
tration was quantitatively transferred to a 250-mL volumetric flask.

Together with oxalate much of the plant dyes that impart dark red color to beet went into the solu-
tion prepared for absorbance measurement. Therefore the procedure was slightly modified. The most
noteworthy feature is that the absorbance was measured not against distilled water as during the work
with standard solutions, but against the solution of the colored extract itself, of course, without the cata-
lyst, indicator, and oxidizer. To get the reference solution, 1.0 mL aliquot of the agueous beet extract
was taken, to be diluted in 10-mL graduated test tube. The aliquot for oxalate determination also equaled
1.0 mL. This way we got solutions with easily measurable absorbance and could study its development
in time (kinetic curves).

The method of standard additions has been used for analysis of a sample, that is, aliquots of the
standard oxalate solutions were mixed with the sample. The added aliquots of the standard solution have
been chosen so that not to exceed the range of linear dependence of the initial rate from the oxalate con-
centration, namely, to give 1.0 ug/mL and 2.0 ug/mL in the cuvette solution. The concentrations of oxa-
late in the replicate samples without standard additions have been found by the linear regression equa-
tions for the tg a = f(Cox) function, equaling the function value to zero (the point of the line graph cross-
ing the x axis). These concentrations were multiplied by the aliquot factor 10, to get the concentrations
in the obtained extract before its dilution, and converted from pg/mL to ug/g, taking into account that
the extract from 2.5 g of the beetroot sample was quantitatively transferred to a 250-mL volumetric
flask. According to statistical analysis, the content of oxalate ion in beetroot equaled (379 + 2) pg/g.
Comparing the differences in analytical signal corresponding to the concentration of standard additions
alone, we were able to evaluate the accuracy of determination; the error amounted to 3.0%. The results
of calculation with their metrological characteristics are presented in Table 2.

Table 2
Determination of oxalate ion in beetroot extract samples by the standard addition method
Cadd» G, the mean, S, AC, AC
tga —-100%| 0,%
ug/mL ’ ug/g Hg/g ng/g mgg | T U7
0 0.0570; 0.0567;
0.0569; 0.0571 379
0.0716; 0.0718; 376
1.0 0.0716: 0.0717 379 378.5 1.73 2.46 0.6 3.0
20 0.087; 0.0873; 380
' 0.0869; 0.0871

The oxalate ion content in beetroot can vary from 76 to 675 ug/g [23-25] depending on the growth
conditions and other factors, with average values 350-400 pg/g. The resulting mean fits snugly within
this interval, which attests that the suggested kinetic photometric method can be used for analysis of
oxalate-containing foodstuffs.
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Compared to the UV-absorbing method based on the same reaction [22], the procedure using visible
absorbance is somewhat less sensible, but of comparable reproducibility. Thus, our study made it possi-
ble to adapt the oxalate determination for simpler and less costly photometers relying upon visible light
and to widen the applicability of the method for mass analysis. The calculation of initial rates is not so
rapid as direct photometric determination, but the kinetic photometric method has an obvious merit in
being able to determine analytes in colored or turbid solutions, as are often got from foodstuffs.

Conclusions

1. Kinetic photometric determination of oxalate reacting as an activator for the iron(ll)-catalyzed
oxidation of iodide by potassium bromate is possible to control by absorbance of visible light instead of
UV, because of introduction of soluble starch into the system and formation of iodine-starch complex.

2. The optimal conditions for oxalate determination by the initial rate method: starch concentration
is 0.30 mg/mL; pH = 5.05. The calibration curve is linear in the (0.1-10) ug/mL range. Precision error is
within the range (0.67-4.71) %, while the accuracy error is within (0.22-9.30) %.

3. The method was applied to food analysis for the content of oxalate by the standard addition me-
thod. The analyzed beetroot sample contained (379 = 2) ug per 1 g of the raw product. Determination
was carried out with 0.6 % precision error and 3.0 % accuracy error.
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KWHETUYECKOE ®OTOMETPUYECKOE OMNPEOEJNIEHUE OKCAJIATA
NO Ero AKTUBALUUUN KATAJIIMTUYECKOIO OKUCINEHUA WOOUAOA
N OBPA3OBAHUIO NOO-KPAXMAJIbHOIO KOMITJIEKCA

E.N. flanunura, O.A. Xau6ynnuHa
HOxHo-Ypanbsckuli 2ocydapcmeeHHbIt yHusepcumem, 2. HenabuHck, Poccusi

IpemnoxkeH MeTOn KUHETHKO-(POTOMETPHUYECKOTO OIpPEICIICHHsS OKCATaT-HOHA B BOJHBIX
pacTBopax, BKIFOYAs BBEITSDKKH M3 MHUINEBBIX MPOAYKTOB. MCIonh30Baal METOA TaHTEHCOB: MIPs-
MOJIUHEWHBIC YYACTKH KHHETUYCCKUX KPUBBIX (MPUOIM3UTEIBHO 5 MUH) 00pa0aThIBAIOTCS METO-
JIOM HAaUMEHBIINX KBaJPATOB JJIS MOTYYCHUS YTIOBBIX KOI(P(PHUIMECHTOB B KAYECTBE aHATUTHYC-
CKOTO CHTHaJa. MeToanKa OCHOBaHAa Ha NEHCTBHM OKCalaT-MOHA KaK aKTHBAaTOpa Ha KaTaws3
xene3oM(Il) peakiuy OKUCIICHUS HOOUI-HOHA OpOMaTOM Kanus. B oTiimaue ot paHee UCTIONb30-
BAaHHOTO CBeTOmorionieHuss B Y® obmactu, B mpenjaraeéMoil MeTOJMKEe KOHTPOIUPYETCS CKO-

68 Bulletin of the South Ural State University. Ser. Chemistry.
2021, vol. 13, no. 3, pp. 60-69



HAanununa E.N., Xat6ynnuHa O.A.

Kunemuyeckoe ¢pomomempuqec1(oe onpedeneHue OKcaJlama
Mo e2o0 akmueayuu kamajaumu4eCcKoc20 OKUCJ1eHuUs1 uoduda...

pocTh 00pazoBaHMs KOMILIEKCA HOAa ¢ PACTBOPUMBIM KpaxmainoM mpu 590 am. Hanbonpmas Ha-
yankHasi CKOPOCTh peakiuu Habmromaetcs npu pH 5,05 amerarHoro OydepHOro pacTBopa U oI-
TUMaFHON KOHIEHTpanuu pactBopumoro kpaxmaina 0,30 mr/mi. ['pagynpoBounsnii rpaduk i1u-
HEeH B WHTepBaie KoHIeHTpanuii okcamata (0,1-10) mr/mi. B 3ToM mHTEpBaie MOTpenIHOCTb
BOCIPOM3BOAUMOCTH Koiebuetcs mexay 0,67 % u 4,71 %, norpenHocTs IpaBUIBHOCTH OTIpE-
nenenns B mpeaenax (0,22-9,30) %. Meroauka Gsuia IPUMEHEHA K MHIICBOMY aHAIN3Y METO-
JoM 100aBOK. BoHyr0 BBITSKKY /AJIs aHAIIM3a MOJTyYaid U3 MEJIKO MTOPE3aHHOro o0pasna ChIpoi
CBEKJIBI Maccoit 2,5 T, mocie BeTpsxuBanus co 100 M Boabl B TeueHue | 4yaca, HeHTPUBYTHpO-
BaHMs, (WIBTPOBAHMS M KOJIMYECTBEHHOTO IEPEBEACHUS B MEpPHYIO KOJIOY BMECTUMOCTBHIO
250 mu1. [Ins ompezneneHus oKcajaTa B alIMKBOTE pacTBopa oO0bemMoM 1 Mil morpeboBaiiach BbI-
TSDKKa M3 CBEKJIBI TOTO e 00beMa B Ka4eCTBE pacTBOpa CPaBHEHHs, HO B OCTAJILHOM METOJHKA
coxpansnace. ComepikaHue okcanata B oOpasiie Obuto HaiineHo paBHBIM (379 + 2) Mr/r cvIpoit

cexutnl (P = 0,95; n =4), ¢ morpemHocTsIMu cxonumoctH 0,6 % u npaBuisHOCTH 3,0 %.
Kniouegvle cnosa: oxcanam-uoH, KUHEMUYeCKUil AHAIU3, MEMOO MAH2EHC08, OPOMAM-UOH,
arceneso(ll), uoo, pacmeopumviil Kpaxman, NUWEBOU AHATU3.
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