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Abstract. Agricultural practice requires preparations that combine safety, efficacy, and a readily available vitamin
component. Humic substances are attractive carriers for such products because they can be obtained from abundant
domestic feedstocks at comparatively low cost and can be deployed at scale in both agricultural and environmental
technologies.

In this work, humic compounds were enriched with ascorbic acid and examined in a sequence of chemical, technological,
and biological tests. Their antioxidant behavior was first characterized by voltammetry; the resulting preparations were
then applied in an oat-seed germination assay.

The study was designed to prepare vitamin C-modified humates and determine how these products influence seed
germination.
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AHOoamna. AysUTmapyamsUIbIK TOXKIpUOeci Kayirnci3aiKTi, THIMAUTIKTI JKOHE OHaM KO )KEeTIM/Ii BATAMUH/IIK KOMIIOHEHTT1
OipiKTipeTiH mpemaparTapasl KakeT ereni. [ yMUHLI 3aTTap MyHIail eHIMOSpAiH TApTHIMABI TaCHIMAIIIAYIIBICH OOJBII
TaOBUTA B, OUTKEHI OJapIbI OTAHIBIK ITUKI3aTTHIH MOJ KOPBIHAH CANBICTRIPMAIEI TYPJIE ap3aH OaraMeH aiyra Ooiajibl
JKOHE aybLIIIAP YAIBLIBIK )KOHE IKOJIOTHSIIBIK TEXHOIOTUsIIApa KEeHIHEH KOJIaHyFa 00Ma ibl.

Bys1 KyMBICTa TYMUHII KOCBUIBICTAD ACKOPOUH KBIMIKBUIBIMEH OaNbITBUIBIN, XUMHSUIIBIK, TEXHOJIOTHSIIBIK IKOHE
OMONOTHSUTBIK ChIHAKTap TizOerinme 3eprrenmi. OmapaplH aHTHOKCHIAHTTHIK OpEKeTi ajibIMEH BOJBTAMMETPHSIMEH
CHMATTAN/Ibl; COJIAH KEHiH allbIHFaH MMpenapaTtap CyJibl TYKbIMBIHBIH OHYIH TaJay Ke3iH/Ie KOJIJaHbLIJIbL.

3eprrey C mopyMeHi MoauuKanusUIaHFaH TyMaTTapIbl JaiibIHAayFa jKoHE Oy eHIMAepIiH TYKHIMHBIH OHYyiHE Kaian
ocep eTeTiHiH aHBIKTAayFa apHaJIFaH.

Tyiiin  ce30ep: TYMHWHOI 3aTTap, TOTBHIFY-TOTBHIKCHI3IaHy O€JCEeHIUTri, acKkopOaTrTel OaibITy, BHTAMUHII-
MomupHUKAIMIIAHFaH TyMaTTap, TYKBIMHBIH OHYI.

AHTHUOKCUIAHTHASA U BUOJIOTHYECKASA AKTUBHOCTDb I'VMATOB,
OBOT' AIIIEHHBIX BATAMUWHOM C, ITIPU TIPOPACTAHUU CEMSIH OBCA
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Annomayun. CoBpeMeHHas CeIbCKOXO3SMCTBEHHAs NPAaKTHKA HYXJaeTcs B Iperaparax, COYeTaomux 0e30MacHOCTb,
(G (PEKTUBHOCT, W JIETKOJOCTYIHBI BUTAMWUHHBIH KOMITIOHEHT. ['yMHUHOBBIE BeLIECTBAa IPEJCTABISIOT COOOM
MEpCIIEKTUBHBIE HOCHUTENM ISl TaKuX IPenaparoB, IOCKOJIbKY OHH MOTYT OBITh MOJYYEHBI M3 JOCTYITHOTO
OTEUECTBEHHOI'O CHIPbsi TPH CPAaBHUTEIBHO HHM3KHMX 3aTpaTax W NPUMEHSTHCS B LIMPOKMX Macmradax Kak B
CEIIbCKOX 03SIICTBEHHBIX, TaK M B IPUPOJAOOXPAHHBIX TEXHOJIOTHSX.

B nanHOli paboTe r'yMHHOBBIE COETUHEHHS ObIIIM 00OTalleHbl aCKOPOMHOBOM KUCIOTON M MCCIIEI0BaHbI MTOCPEICTBOM
KOMIUIEKCAa XUMHYECKUX, TEXHOJIOTMYECKNX W OMOJOrn4ecKknx ucrbpitannii. CHavyajga MX aHTHOKCHJIAHTHBIE CBOMCTBA
OBbUTH OXapaKTepU30BaHBI METOAOM BOJIBTAMIIEPOMETPUH, MOCIIE YETO MOJyIEeHHbIE NPenapaThl HCIOJI30BAJIH B OMBITaX
IO NPOPAIIMBAHHIO CEMSH OBCa.

Llenpro uccnenoBaHus SIBISUIOCH MONYYEHHE T'YyMaToOB, MOAU(MHUIMPOBAHHBIX BUTAaMHHOM C, M ONpeeseHne BIHUSHUS
ATHX MPENapaToB Ha MMPOPACTAHUE CEMSIH.

Knioueswie cnosa: ryMmuHOBBIE BEIIECTBA, OKUCIUTEILHO-BOCCTAHOBUTENIbHAS aKTUBHOCTh, 00OraIleHue ackopoaTom,

rymarhbl, MO)]I/I(bI/IL[I/IpOBaHHI)Ie BUTaMHWHAMH, IIpOpaCTaHUE CCMAH.

MAIN PROVISION

Vitamin C-enriched sodium and potassium
humates are prepared and evaluated for antioxidant
activity and their effects on oat-seed germination.
Voltammetric measurements confirm a detectable
antioxidant response associated with ascorbic acid
enrichment, while germination assays demonstrate
biological activity for both modified humates. The
findings support the potential use of vitamin-enriched
humic preparations in agricultural applications,
although further replicated experiments and statistical
validation are required.

INTRODUCTION

A continuing priority in agriculture is the
development of safe, effective formulations in which
vitamins remain biologically accessible. Humic
substances provide a practical basis for such
formulations: their feedstocks are widely available,
production costs are relatively modest, and the
resulting materials are already relevant to agricultural
and environmental technologies. Enrichment with
ascorbic acid may further improve the antioxidant and
biological performance of humates [3, 4].

Accordingly, this work assessed both the
antioxidant response of ascorbic acid-modified humic
compounds and their influence on the germination of
oat seeds.

Two specific tasks guided the investigation:

+ to determine whether vitamin-enriched
humic preparations alter seed germination;

+ to examine how variation in the processing
conditions affects the resulting response.

Research gap. Although humic substances have
been widely investigated as plant-growth stimulants
and as carriers of biologically active compounds,
limited information is available on humates directly
enriched with vitamin C. In particular, the
relationship  between  their  electrochemically
determined antioxidant properties and their biological
effects on seed germination remains insufficiently
understood. Therefore, there is a need to develop
vitamin-modified humic preparations and evaluate
their redox activity and plant-growth effects under
controlled experimental conditions.

This work addresses this gap through the
preparation and combined chemical and biological
evaluation of ascorbic acid-enriched sodium and
potassium humates. Cathodic voltammetry was used
to identify their antioxidant response, while oat-seed
germination assays were performed to assess
biological activity. The results provide preliminary
evidence that 0.01 N vitamin C-enriched humates
exhibit antioxidant properties and support oat-seed
germination.

Novelty statement. The novelty of this work lies
in the combined electrochemical and biological
assessment of sodium and potassium humates
enriched with ascorbic acid. The study demonstrates
a detectable antioxidant response and preliminary
biological activity in oat-seed germination,
supporting the development of vitamin-modified
humic preparations for potential agricultural
applications.

Materials and Methods
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Electrochemical measurements were obtained
with a computer-controlled TA-2 voltammetric
analyzer. Cathodic voltammetry was selected, with
electrochemical O: reduction serving as a model of
the corresponding oxygen-reduction processes in
cells and tissues. Sodium, potassium, and ammonium
humates, together with modified humates containing
vitamins and macro- and microelements, were tested
by recording changes in the limiting current as their
concentration varied. Both catalytic and antioxidant
responses were registered in this system. The
instrumental conditions were as follows:

a three-electrode cell; electrode activation for
120 s; an initial potential of —0.4 V; a scan from 0.0
to —0.8 V at W = 30 mV/s; solution stirring for 10 s
followed by a 20 s settling period; 10 mL of
background solution at 0 V; phosphate buffer at pH

6.86; an EVL-1M3.1 Ag/AgCl auxiliary electrode; an
SPE indicator electrode; and a 0.5 mL aliquot (V).
Results

Changes in voltammetric wave height during the
observation period are summarized in Table 1.

A separate germination trial was used to
establish the biological response to humates enriched
with ascorbic acid.

Oat seeds were arranged on filter paper in Petri
dishes and maintained at 20 °C after moistening with
extracts of the ascorbic acid-modified humates. Ten
replicate dishes were prepared. Distilled water
replaced the humate extract in the control. Each day,
the papers received the appropriate test or control
liquid and the dishes were aerated. On day 7, the root
fraction was separated from the green biomass of the
germinated seedlings [2, p. 84].

Table 1. Variation in voltammetric wave height with time

Variation in voltammetric wave height with time
T, min J1, yA J2, pA J3, pA
0 24.151 23.824 25.298
3 24.135 23.920 25.457
6 24.182 23.934 25.419
9 24.602 24.006 25.547

The calculated critical T values for the three responses (R1-R3) are reported in Table 2.

T, min R1 R2 R3
0 0.000 0.000 0.000
12 -0.019 -0.008 -0.010

The electrochemical reduction of O. was also
evaluated theoretically. This analysis defined
quantitative criteria for confirming an extremum and
yielded rate constants for reactions involving reactive
oxygen radicals. When ascorbic acid was

incorporated into the humic compounds, a detectable
antioxidant response appeared [1, p. 32].

Figures 1 and 2 illustrate the voltammetric
responses produced by 0.01 N potassium and
sodium humates, respectively.
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Figure 1. Voltammetric response of 0.01 N potassium humate enriched with ascorbic acid
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Figure 2. Voltammetric response of 0.01 N sodium humate enriched with ascorbic acid

Figure 3 depicts how the limiting current changed as concentration increased.
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Figure 3. Relationship between limiting current and concentration
Figure 4. Oat-seed germination in the distilled-water control

The germination pattern recorded after exposure to 0.01 N sodium humate containing ascorbic
acid is presented in Figure 5.
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Table 3 compiles the germination observations for oat seeds exposed to ascorbic acid-modified

sodium and potassium humate solutions.

Table 3. Germination counts for oat seeds treated with ascorbic acid-modified sodium and

potassium humates

Sample K+AA Na+AA
No. Count % Count %
1 5 40 4 40
2 0 60 6 60
3 5 40 4 40
4 6 60 6 60
5 2 30 3 30
6 8 60 6 60
7 5 50 5 50
8 5 40 4 40
9 6 70 7 70
10 4 50 5 50
YA 4.6 50 5 5
4.6x1.1 5+1
among components are also important; in a
DISCUSSION mixture, one antioxidant—or another

Conventional antioxidants primarily act by
terminating oxidation chains: they capture
reactive radical species and convert them into
radicals of lower reactivity. Oxidative propagation
can also be restrained by compounds that break
down hydroperoxides, thereby limiting the
generation of new free radicals. Because effective
inhibition may occur at only 0.01-0.001 N,
measurable oxidation products can be absent
during an initial delay, commonly termed the
induction or retardation period. Interactions

accompanying substance—may amplify the
protective effect of another [5, 6].

The summary values in Table 3 differ only
slightly between treatments. Sodium humate
produced a reported mean of 5 + 1 seedlings,
whereas the potassium-humate treatment yielded
46 = 1.1. This pattern is compatible with
biological activity in both modified humates.
Nevertheless, several counts do not correspond
consistently to the percentages listed in the table,
and no pooled quantitative result is provided for
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the control. These limitations preclude a robust
estimate of treatment magnitude; the observed
effect should therefore be interpreted as
preliminary until it is supported by additional
statistical testing.

In Kazakhstan, the use of humic compounds
in animal nutrition has become an active area of
investigation. The present work addresses the less
extensively studied preparation of humic
materials enriched with vitamin C. Further
experiments will characterize these products in
greater detail by voltammetry and will track their
concentrations with a CTA voltammetric
analyzer.

CONCLUSION

Under the conditions tested, 0.01 N sodium
and potassium humates enriched with ascorbic
acid showed both antioxidant and biological
responses. The germination assay yielded
reported means of 5 + 1 seedlings for the sodium
preparation and 4.6 + 1.1 for the potassium
preparation. A firm conclusion will require
complete quantitative control data, formal
statistical evaluation, and confirmation in a larger
replicated experiment.
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