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STUDY OF THE INFLUENCE OF FLOODING ON THE ABSOLUTE AND
RELATIVE CONTENT OF PLANT PIGMENTS IN URAL LICORISE
(GLYCYRRHIZA URALENSIS).

Annotation. In this work, the influence of the 2024 spring flood on the content of
plant pigments in Ural licorice (Glycyrrhiza uralensis) was examined using UV-Vis-
spectroscopy. A comparative study of samples collected in 2023 and 2024 clearly shows
that flooding of plant growth areas has a significant impact on the content of natural
pigments in them. The change in different pigments content both towards an increase
and a decrease is explained by the plant's adaptive response to the negative effects of
water stress on growing conditions, leading to reduced light access and disturbances in
gas changes. Results shows that these changes lead to both positive and negative
imbalances in both the absolute and relative content of all plant pigments. Pearson's
correlation analysis revealed important dependencies between the content of all studied
pigments and established the nature of the influence of water stress on changes in their
content and ratio. It has also been found that leaves of G. uralensis are the richest in
chlorophylls and carotenoids, while the roots and flowers contain the highest levels of
anthocyanins.

Keywords: Glycyrrhiza uralensis; plant pigments; anthocyanins; carotenoids;
chlorophyll; flood; water stress; plant adaptation; medicinal plants; environmental
factors; Pearson’s correlation; UV-Vis-spectroscopy.

Introduction

Pigments play a crucial role in plants as they are important for plant survival and
reproduction. Pigments are involved in the regulation of plant growth and development and
respond to environmental stresses [1]. Chlorophylls are essential for absorbing light energy,
which is converted into chemical energy during photosynthesis. This process is crucial for
plant growth and energy production [2]. Pigments such as anthocyanins and carotenoids
give flowers and fruits vibrant colors, attract pollinators, and aid in seed dispersal [3]. These
pigments also protect plants from ultraviolet (UV) and visible light damage and act as
antioxidants, reducing oxidative stress and protecting plant tissues [4].

Chlorophylls are the pigments that make plants green and are perhaps the most
important compounds on Earth because they are needed to collect and convert light energy
in photosynthesis. Most of the light energy absorbed and converted during photosynthesis
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occurs through direct light absorption by chlorophylls. Therefore, any negative influence to
chlorophylls content and structure will have a major impact on the ability of plants to
perform photosynthesis.

Anthocyanins are phenolic water-soluble glycosides or acyl glycosides of
anthocyanidins [5]. These compounds are secondary metabolites of plants that protect
them from biotic and abiotic stresses. They are the most common derivatives of
cyanidin, delphinidin and pelargonidin. Anthocyanins are responsible for the pink, red,
blue and purple color of flowers, fruits and vegetables, the color being related to the
substitution pattern (position and chemical groups) in the aromatic rings. They have been
used as natural food colorants and are proving to be promising ingredients in the food and
nutraceutical industries [6].

Carotenoids are another set of natural plant pigments that are primarily
responsible for the red, yellow and orange colors of vegetables and autumn leaves
(when all chlorophyll is broken down), but are also found in dark green vegetables [7].
Carotenoids are mainly synthesized by photosynthetic organisms such as plants and
algae, as well as some microorganisms such as fungi and bacteria. They fulfill several
important functions in the plant kingdom: they act as light collectors, growth regulators,
inhibitors of photooxidation during photosynthesis and, due to their bright colors, as
attractors for pollinators [8,9]. The most common carotenoids in plant leaves are lutein,
[-carotene, violaxanthin and neoxanthin. Consumption of these compounds by people
who are unable to synthesize them appears to play an important role in reducing a
number of diseases such as eye cancer, immune disorders, cerebrovascular and
cardiovascular diseases [10]. Carotenoids are also of great industrial importance and are
used as food dyes, cosmetics and nutraceuticals [11].

The biosynthesis of pigments in plants is a complex process involving various
pathways and regulatory mechanisms, which are crucial for maintaining pigment
stability and function [12]. External factors like light, temperature, and nutrient
availability can significantly affect pigments biosynthesis [13]. Light is a major
regulator of pigment biosynthesis, particularly for anthocyanins and carotenoids. It
affects the expression of genes involved in these pathways, enhancing pigment
production under high light conditions [14]. Drought conditions can lead to increased
pigment production as a protective response. Anthocyanins, for instance, help mitigate
oxidative stress caused by water deficiency [15]. On the other hand, flooding can lead to
a decrease in chlorophyll content, affecting photosynthesis efficiency. This reduction is
often due to impaired gas exchange and photosynthetic activity under waterlogged
conditions [16]. Flooding can induce oxidative stress, which can alter pigment
composition. Plants may increase the production of protective compounds, but overall
pigment content, including chlorophyll and carotenoids, often decreases [17].

In this work, the content of chlorophylls, anthocyanins and carotenoids in
different parts of G. uralensis was examined using UV-Vis spectroscopy and the effect
of flooding on the content of these pigments was also estimated.

Materials and methods

Reagents and solvents.

All reagents are of analytical grade were purchased from commercial suppliers
and used without any purification.
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Collection and preparation of plant material.
The plants selected for our study are shown in Fig. 1.
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Figure 1 — The appearance of G. uralensis: A-whole plant, B-inflorescences, C- stem,
D- root, E-leaves

The plants were collected from their natural habitat. The samples were washed
thoroughly with tap water to remove sand and dust, then with double-distilled water 2-3
times and kept in a shaded place in air until completely dry. The dried samples were
then ground with a stainless-steel mill, sieved with a 1.0 mm sieve, and stored in dark
glass vials at 4°C until further analysis.

Determination of total carotenoids content.

To 0.05 g of dry sample 5 ml of acetone were added and pulverized in a
porcelain mortar in ice bath. Then, 1.0 g of anhydrous sodium sulfate was added and the
solution mixed slowly followed by increasing the volume of acetone to 10 ml. The
mixture was centrifuged at 26,000 rpm for 10 min. The supernatant was then removed
and the absorbance measured at 662, 645 and 470 nm in 10 mm quartz cuvette. The
total carotenoid content was calculated as follows [18]:

Ca (Mg/g) = 11.24A6s2 — 2.04Ag45

Cb (H9/g) = 20.13Ags5 — 4.19A662
Ct (Mo/g) = (1000A470 — 1.9C, — 63.14Cy) / 214

where C, stands for chlorophyll a, Cy, for chlorophyll b and C; is total carotenoid
content. Ayzo Is absorption at 470 nm (related to carotenoids), Aess - at 645 nm (related
to chlorophyll @) and Ags, - at 662 nm (related to chlorophyll b).

Determination of anthocyanins content.

To 0.02 g of dry sample 4 ml of 1% hydrochloric acid containing methanol were
added and pulverized in a porcelain mortar. Solution was kept for 24 h in the
refrigerator (4°C). Then, after centrifugation for 10 min at 13,000 rpm the absorbance of
supernatant was measured at 530 and 657 nm in 10 mm quartz cuvette against blank.
The blank solution was 4 ml of 1% hydrochloric acid solution containing methanol. The
anthocyanins content (mg/g DW) was calculated by the following equation [18]:
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Anthocyanins (mg/g) = Aszo — (0.25 - Ags7)
where ““A’’ stands for absorbance at 530 nm and 657 nm respectively

Statistical analysis

Each experiment was carried out in triplicate (n = 3) and the data presented as an
average of three independent determinations + standard deviations (SD). Pearson’s
correlation analysis was performed using MS Excel 2019 software.

Research results

In our study, we performed a quantitative comparison of the content of plant
pigments in G. uralensis over two years (2023-2024). The results of determination of
the content of chlorophyll a and chlorophyll b for the specified time period are shown in
Fig. 2.

As can be seen from Figure 2, the highest content of chlorophylls A and B is
observed in the leaves of G. uralensis. Nevertheless, the amount of these pigments in all
parts of the plant in 2024 exceeds their content in 2023. The high concentration of
chlorophylls in the leaves is due to their crucial role in plant metabolism and adaptation.
Chlorophylls are responsible for the green color and are essential for photosynthesis as
they capture light energy to convert carbon dioxide and water into glucose and oxygen
[19]. The increase in the content of photosynthetic pigments is most likely due to the
consequences of the flooding in the region in spring 2024. The increase in chlorophyll
content in plants after a flood can be attributed to physiological and biochemical
reactions aimed at recovery and adaptation. Flooding initially causes stress, which leads
to stomata closure and reduced photosynthesis [20].
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Figure 2 — The content of chlorophyll a (A) and b (B) in G. uralensis.

However, during the recovery period, plants improve oxygenation and water
uptake, which facilitates the reopening of stomata and the resumption of photosynthesis
to compensate for the initial loss of this function [21]. This is supported by increased
amounts of photosynthetic pigments and improved photosynthetic rates observed in
some species in the post-flood period [22].

552



N BKY Xa6apuubicbl
Ko~ BectHuk 3KY - 1(97) - 2025
The ratio of chlorophylls a and b for G. uralensis over the same period is shown in Fig.
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Figure 3 — The chlorophyll a/b ratio in G. uralensis.

Figure 3 shows that the Chlorophylls a/b ratio in the studied plant parts collected
in 2023 was between 0.56 (root) and 1.13 (leaves), while in the plants collected in 2024
it was between 0.58 (root) and 0.94 (whole plant). Nevertheless, this ratio remained
constant in roots and stems. At the same time, this ratio decreases by around 20% for
leaves and flowers.

These results can also be explained by the influence of flooding, since it is
known that flooding often leads to hypoxic conditions that can cause stress and alter the
plant's metabolic processes. A key response is the increase in chlorophyllase activity, an
enzyme that degrades chlorophyll, particularly chlorophyll a, leading to a relative
increase in chlorophyll b [23]. In addition, the stress of flooding can lead to an
imbalance in the synthesis and breakdown of chlorophylls. Chlorophyll b is more stable
under stressful conditions than chlorophyll a, which can be broken down more easily
[24].

The total anthocyanin content of the plants examined is shown in Fig. 4.
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Figure 4 — Total anthocyanins content in G. uralensis (A - 2023; B - 2024).

As can be seen from Fig. 4, the anthocyanin content also shows changes over the
specified period. Anthocyanin levels in 2023 ranged from 0.218 ug/g in flowers to a
high of 0.413 pg/g in plant roots. Furthermore, the anthocyanin content in the plant
parts collected in 2024 ranged from 0.085 mg/g in the stem to a maximum of 0.409 ug/g
in the plant roots. It was found that the content of anthocyanins in roots remains at the
same level in 2024 as in 2023. In stems, leaves and whole plants there is a significant
decrease in anthocyanin content by more than twice. In flowers, the content of these

pigments was about 30% higher in 2024 than in 2023.
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Figure 5 — Total carotenoids content in G. uralensis (A - 2023; B - 2024).
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These facts can also be explained as stress response and hormonal changes in plant
consequences of flooding. Flooding causes stress in plants and leads to changes in hormone
levels, particularly abscisic acid (ABA). ABA is known to regulate anthocyanin
biosynthesis under stressful conditions such as drought, but its role in flooding stress is less
clear. Reduced ABA levels during floods could lead to decreased anthocyanin synthesis
[25]. Furthermore, flooding results in hypoxic conditions and the lack of oxygen can disrupt
the enzymatic activities required for anthocyanin production [26]. A reduction in light
availability due to water cover and sediment deposition may also lead to a decrease in
anthocyanin levels, as light is a crucial factor in their synthesis [27].

The total carotenoid content determined in G. uralensis is shown in Fig.6.

The results of the two-year study showed that the highest content of carotenoids is
found in the leaves of the plant (1.38 and 0.67 ug/g). The lowest values of total
carotenoids are found in the stem of the plant (0.19 and 0.18 pg/g). As can be seen, the
carotenoid content varies slightly. The high concentration of carotenoids in leaves
compared to other parts of plants is due to their essential role in photosynthesis and light
protection. Carotenoids such as lutein and B-carotene are crucial for the absorption of
light energy and protect the photosynthetic apparatus from damage caused by excess
light and reactive oxygen species [28, 29]. In addition, carotenoids play a protective role
by dissipating excess light energy as heat (non-photochemical quenching) and scavenging
reactive oxygen species, thereby preventing oxidative damage to the photosynthetic
machinery [30]. This is also due to the differential expression of carotenoid biosynthesis
genes. These genes are highly expressed in leaves, leading to the accumulation of
carotenoids necessary for photosynthesis and protective functions [31].

In this work, the Pearson’s correlation analysis was also carried out for G.
uralensis to compare the relationship between the content of anthocyanins, carotenoids,
chlorophylls a and b and their ratio. The results are shown in Fig.7.
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Figure 6 — Pearson’s correlation coefficients (r) for the relationship between plant
pigments of G.uralensis: A - 2023, B — 2024 (* - significant at p < 0.05).
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The correlation analysis showed relatively stable relationships between the
pigment contents determined in both years. Significant correlations (p < 0.05) were
found between chlorophylls a and b (r = 0.91 (2023) and r = 0.97 (2024)) and
chlorophyll a with total carotenoid content (r = 0.95 (2023) and r = 0.95 (2024)). The
correlation between anthocyanins and the ratio of chlorophylls a and b becomes more
negative in 2024 compared to 2023 (r = -0.63 and r = -0.44, respectively). This suggests
that anthocyanin content tends to increase as the ratio of chlorophyll a to b decreases.
This may be attributed to poor light conditions during the flooding period, where the
chlorophyll a/b ratio decreases and anthocyanin synthesis is upregulated as part of the
corresponding adaptive response of the plant [32]. A highly significant correlation
between carotenoids and chlorophyll b was also observed (r = 0.77 (2023) and r = 0.85
(2024)). A significant positive correlation between chlorophyll b and total anthocyanin
content was found with r = 0.68 in 2023 and only r = 0.10 in 2024. This decline can
also be described as an adaptive response of plants to poor lighting conditions.

In addition, it was also found that the ratio of chlorophyll a/b does not correlate
with the content of chlorophyll b (r = -0.02 (2023) and r = 0.07 (2024)) and only an
insignificant negative correlation between total carotenoids Correlation was observed
and anthocyanins in 2024 (r = -0.31). In 2023, this relationship was only r = 0.10. This
is because under stressful conditions such as flooding, plants may prioritize the
synthesis of certain pigments over others. For example, anthocyanins are often produced
in response to oxidative stress and may increase under such conditions, while carotenoid
levels may not increase to the same extent or may even decrease due to resource
allocation to stress mitigation [33]. Furthermore, the biosynthetic pathways of
anthocyanins and carotenoids have common precursors. Under stress, the plant could
divert more precursors to anthocyanin production at the expense of carotenoids, leading
to a negative correlation between their levels [34]. Here, as in previous cases, reduced
light conditions during flooding may reduce carotenoid synthesis while potentially
increasing anthocyanin production as a protective response [35].

Conclusion

The main aim of this study was to determine the content of anthocyanins,
carotenoids and chlorophylls in different parts of G.uralensis growing in the West
Kazakhstan region. According to the results, there are significant differences in the total
content of carotenoids and anthocyanins between the plant parts examined, as well as
large differences in the content of all pigments. Our research has shown that flooding
areas where plants grow significantly affects the concentration of all plant pigments.
Such changes are caused by the adaptive response of plants to water stress and the
inability to synthesize most pigments under insufficient lighting and limited air access.
The results obtained may be useful for further studies aimed at investigating the
relationships between the phytochemical composition and growth conditions of plants,
including the influence of natural emergencies.
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Y3ako6aii I'.b., Ucarat P.., Menauraaues E.E., MakcoroBa A.E., AkatreB H. B.*
NCCIEJOBAHMUME BJIMAHUSA TABOJAKA HA ABCOJIIOTHOE "
OTHOCHUTEJBbHOE COJAEPKAHUE PACTUTEJIBHBIX IIM'MEHTOB B
COJIOJKE YPAJIbCKOM (GLYCYRRHIZA URALENSIS)

AHHoTaums. B Hacrosmeit pabGore weronom Y®-Bua-cnekTpockonuu
HCCJIEeI0BAaHO BIMSIHUE BeceHHero masojka 2024 rojna Ha colepikaHHE€ pacTHUTENIbHBIX
nurmMeHToB B cosonke  ypanbsckoir  (Glycyrrhiza  uralensis). CpaBautenbHOe
nccneaoBanue odpasnos, coOpanubix B 2023 u 2024 rogax OAHO3HAYHO yKa3bIBAaeT Ha
3HAUUTENIBHOE BJIMSHHUE 3aTOIJIEHUS TEPPUTOPUM IPOU3PACTAaHUS PACTEHHUH Ha
coJlep)KaHWe B HHUX HPUPOJIHBIX MUTMEHTOB. V3MeHeHue colep)kaHus NUTMEHTOB B
CTOPOHY KaK YBEJIMYCHHs, TaK U YMEHBIIECHUS OOBACHACTCS AJaNTUBHOM peakiuei
pacTeHHss Ha HETATHMBHOE BIIMSHUE BOJHOIO CTpecCca Ha YCJIOBHMS IPOU3PACTAHMI,
NPUBOAAIIEE K CHWKEHHMIO OCBEIIEHHOCTH W HapyLICHHIO ra3zoo0MeHa. Pe3ynbratel
MOKa3bIBAIOT, YTO JaHHbIE W3MEHEHUS MPHUBOJAT KaK K IMOJIOKUTEIBHOMY, TaK U
OTpHLIATEILHOMY JucOaTaHCy Kak B a0OCOIIOTHOM, TaK U B OTHOCUTEIIBHOM COJIEP>KaHUH
BCEX PpACTUTENBHBIX IUIMeHTOB. Koppemsauumonnelii ananu3 IlupcoHa mno3Bonmi
BBISIBUTH BaYKHBIE 3aBUCUMOCTH MEKIY COAEPKAHUEM BCEX UCCIIENOBAaHHBIX TUTMEHTOB
U YCTAaHOBHUTH XapaKTep BIIMAHUSA BOJHOIO CTpecca Ha M3MEHEHHE UX COJIEp)KaHus U
cootHourenus. Takxke ycraHoBiaeHo, uyto nucThs G. uralensis nambonee OoraTb
xJiopodusiaMd U KapOTUHOHMJIaMH, B TO BpeMsl Kak B KOPHSX U IIBETaX OOHapyKEHO
HauOoJIblIee COJIePKAHNE AaHTOIIMAHOB.

KiroueBbie ciaoBa: G.uralensis; pacTtuTenbHble MHMIMEHTBI, aHTOIMAHBI,
KapOTUHOUJBI, XJOpPOMWI; MABOJOK; BOJHBIA CTpecC; ajamnTalus pacTEeHHIA;
JIEKapCTBEHHbIE pacTeHUs; sKosoruyeckue ¢akropsl, koppensauus [lupcona; YO-Buna-
CHEKTPOCKOIUS.

¥Y3akoaii I'.b., Ucarar P.U., Menairaanues E.E., MakcoroBa A.E., AkateeB H. B.*
OPAJI MUSICBI (GLYCYRRHIZA URALENSIS) OCIMAIK
INMUTMEHTTEPIHIH ABCOJIIOTTBI ’KOHE CAJIBICTBIPMAJIBI
KYPAMBIHA CY TACKbBIHBIHBIH 9CEPIH 3EPTTEY

Anpatna. byn kxymeicta 2024 SKbUIFBI KOKTEMI1 Cy TacKbIHBIHBIH Opal
musiceiabiH (Glycyrrhiza uralensis) eciMaik nmurmeHTTepiHiH KypambiHa Y K-kepineTiH-
CHEKTPOCKOMUACH apKbulbl acepi 3eprrenii. 2023 sxone 2024 >KpUiaapbl KUHAIFAH
YATUIEpAl CalbICTBIpMAbl  3€PTTEY OCIMAIK OCIpeTIH ayMakTapabl cy OacyabiH
ojapjarbl TaOWFM TMUTMEHTTEP/AIH MOJIIEpiHe alTapibIKTail ocep €TeTiHIH aHBIK
kepcetei. [IurmMeHT KypaMbIHBIH KOO€H01 1€, a3arobl Ja 6CIMIIKTIH OCy JKaFaaniapbiHa
Cy CTpecCiHIH Tepic ocepiHe OeliMaeny peakUusiCbIMEH TYCIHAipiiaeni, Oy
KAPBIKTAaHABIPYABIH TOMEHJEYIHE OHE Tra3 ajMacyblHbIH OY3bUTyblHA OKeEJNEIl.
Hotuwxenep kepceTkenzeit, 6y e3repicrep 6apiablK ©CiMIIK TUTMEHTTEPiHIH a0COIIOTTI
JKOHE CaJIBICTBIPMAJIbl KYPaMBIHIAFBl OH JKOHE TEpiC Teme-TeHAIKTIH Oy3blIyblHa
okeneni. [IMPCOHHBIH KOPPENSUUsIIbIK Talgaybl OapiblK 3epTTENETIH MUTMEHTTEPIiH
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Ma3MyHbI apachlHJaFrbl MaHbI3/Ibl KaThIHACTAP/bl AHBIKTAYFa JKOHE OJapiblH Ma3MYHBI
MEH apaKaTblHACBIHBIH ©3repylHe Cy KEpHEYIHIH ocep €Ty CHUMaTblH aHbIKTayra
MyMmKingik Oepmi. Conpaii-ak, G. uralensis sxampipakTapbsl XJIOpouUIre KOHE
KapOTHMHOMATAapra €H O0ail, ajl aHTOLMAHJApIbIH €H KeI MeJllepl TaMmblpbl MEH
T'YJ1JIepiHeH TaOblIFaHbl AaHBIKTAIIIBI.

KinaT ce3nep: G.uralensis; ecimik Oeiiktepi; aHTOIUAHUHIED; KAPOTHUHOUATAD;
XJIOpOo(UILT; Cy TAaCKBIHBI; Cy CTpecci; eCIMIIKTEpAiH Oelimaenyi; 19puliK eCiMAIKTED;
KopiuaraH opta axrtopnapsl; [lupcon koppensauusace; YK-kepiHeTIH-CIEKTPOCKOIHS.
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