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The study of the chemical composition and comparative
analysis of the total antioxidant capacity of blackberry
(Rubus plicatus Weihe & Nees) leaves and fruits

Aim. To study the chemical composition and comparative analysis of the total antioxidant capacity of blackberry
(Rubus plicatus Weihe & Nees) leaves and fruits.

Materials and methods. The content of phenolic compounds, anthocyanins, flavonoids, and hydroxycinnamic
acids was determined by the spectrophotometric method, whereas organic acids were determined by the alkalimetric
method; the antioxidant capacity of the extracts obtained was evaluated by the potentiometric method.

Results. The total antioxidant capacity of blackberry leaves and fruits was 240.44 and 71.20 mmol-equiV./M ,eigns
respectively. Comparing the total antioxidant capacity of blackberry leaves and fruits at same molar concentration (0.03 mol/L),
it was equal 26.00 and 35.60 mmol-equiv./m, ... respectively. The total content of phenolic compounds was
46.02 and 10.00 mg/mL calculated with reference to gallic acid, catechins — 24.22 mg/mL calculated with reference
to epigallocatechin-3-O-gallate (absent in fruits), anthocyanins — 9.60 mg/mL calculated with reference to cyanidin-
3-glucoside, flavonoids — 16.54 mg/mL calculated with reference to rutin (absent in fruits), hydroxycinnamic acid de-
rivatives — 18.00 mg/mL calculated with reference to chlorogenic acid (absent in fruits) and organic acids — 22.40 and
22.20 mg/mL calculated with reference to citric acid in blackberry leaf and fruit extracts obtained during the sequential
exhaustive extraction, respectively. The correlation analysis showed that there was a very high positive dependence
of the antioxidant capacity and the total content of phenolic compounds, catechins and anthocyanins, flavonoids, and
hydroxycinnamic acid derivatives in blackberry leaf and fruit extracts.

Conclusions. The total antioxidant capacity of R. plicatus leaves was higher than that of its fruits; however, when
compared at the same molar concentration, the fruits exhibited a greater antioxidant capacity. The analysis of biologi-
cally active substances and the antioxidant capacity of R. plicatus extracts demonstrated that the aqueous extract con-
tained a significant amount of biologically active compounds, as well as exhibited a pronounced antioxidant capacity.
The quantification showed that catechins were the main group among the phenolic compounds in R. plicatus leaves,
while anthocyanins predominated in fruits. The correlation analysis revealed a strong positive linear relationship be-
tween the antioxidant capacity and the content of phenolic compounds, flavonoids, catechins and anthocyanins in the
case of fruits, while the weakest correlation was observed for organic acids. These results can be used to develop
optimal technologies for producing drugs based on R. plicatus leaf and fruit extracts.

Keywords: blackberry leaves and fruits; total antioxidant capacity; correlation; sequential exhaustive extraction.
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HauioHanbHun bapmareBTnyHMI yHiBepcuTeT MiHicTepcTBa OXOPOHW 340POB’A YKpaiHu

HdocnigxeHHs XiMiYyHOro cknaay i NopiBHANbHUI aHani3 aHTUOKCUAAHTHOI EMHOCTi
nncTA Ta NnoAaiB oXuHU cknapyactoi (Rubus plicatus Weihe & Nees)

MeToto poboTtu Byno JocnimkeHHs XiMiYHOro cknagy Ta NOPIBHAMbHUIA aHani3 3aranbHOi aHTUOKCUAAHTHOT EM-
HOCTi nucTs Ta nnogis oxunu (Rubus plicatus Weihe & Nees).

Marepianu Ta metoaun. BmicT deHomnbHMX cnonyk, aHTouiaHie, priaBoHOIAIB Ta riAPOKCUKOPUYHUX KUCIOT BU3HAa-
Yyanu cnekTpogOTOMETPUYHUM METOAOM, OPraHiYHUX KUCMOT — ankaniMmeTpU4yHUM, aHTUOKCUOAHTHY aKTUBHICTb OTpU-
MaHWMX EKCTPAKTIB — NOTEHLIOMETPUYHUM METO4AMM.

Pe3ynbraTty Ta ixHE 06roBopeHHA. 3aranbHa aHTUOKCMAAHTHA EMHICTb NIUCTA Ta NNoAiB OXUHU cTaHosuna 240,44
Ta 71,20 MMOnb-ekB./m,,, .., BIAMNOBIAHO. 3arasibHa aHTUOKCUAAHTHA EMHICTb NUCTS Ta NITOAIB OXMHW 338 O4HAKOBOI
MonApHOI KoHueHTpauii (0,03 monb/n) fopisHiosana 26,00 Ta 35,60 MMonb-ekB./ M, ..., BIANOBIAHO. 3aranbHW
BMICT cymu dpeHOMNbHMX cronyk ctaHoBmB 46,02 Ta 10,00 mr/mn y nepepaxyHKy Ha ranoBy KWUCIMOTY, Cyma KaTexiHiB —
24,22 mr/Mn y nepepaxyHKy Ha eniranokatexiH-3-O-ranar (y nrnogax BiACyTHil), cymu aHToujiaHiB — 9,60 mr/mn y nepe-
paxyHKy Ha LiaHignH-3-rmoKo3na, cymn draBoHoiAiB — 16,54 mMr/mn y nepepaxyHKy Ha pyTuH (y nnogax BigCyTHIn),
CYMMU TiQPOKCUKOPUYHMX KncnoT — 18,00 mMr/mn y nepepaxyHKy Ha XNOoporeHoBy KUCNOTY (y nrodax BiACYTHS) Ta Cymu
opraHiyHux kucnot — 22,40 Ta 22,20 Mmr/Mn y nepepaxyHKy Ha IMMOHHY KUCIOTY B eKCTpaKTax NIMCTA Ta NNOAIB OXNHM,
OTPUMaHUX Mif, Yac NodarnbLUOi BUYeprnHOI eKCcTpakLii, BignosigHo. KopensuinHuin aHania nokasas, Lo iCHYE AyXe BUCOoKa
NO3nTUBHA 3aNeXHICTb aHTMOKCUAAHTHOI aKTUBHOCTI Ta 3arafibHOro BMICTY (DeHOMbHUX CMOMYK, KaTeXiHiB N aHToLiaHy,
onaBoHOIAIB, NOXIAHUX MAPOKCUKOPUYHOT KUCIOTU B €KCTPaKTax JNINCTS Ta MOA4IB OXUHM.

BucHoBku. 3aranbHa aHTMOKCUAAHTHA EMHICTb NUCTA R. plicatus Gyna BULLIOKD, HiX y NNoAiB; O4HAaK, MOPIBHSAHO
3 O[IHAKOBOK MOISIPHOKO KOHLEHTpaL€, NNoan AeMOHCTpyBanu GinbLuy aHTMOKCUAAHTHY 34aTHICTb. AHani3 6iono-
rYHO aKTUBHMX PEYOBUH Ta aHTMOKCUAAHTHOI aKTUBHOCTI EKCTPaKTiB R. plicatus nokasas, L0 BOOHUI EKCTPAKT MiCTUB
3HaYHy KinbKiCTb 6iONOriYHO aKTUBHMX CMOMYK, a TaKoX BUSBMNSB BUPAXEHY aHTMOKCUAAHTHY akTMBHICTb. KinbkicHa
OuiHKa nokasana, Lo KaTexiHX € OCHOBHOIO rpynoro 3-MOMiK peHOoNbHUX cnonyk y nucTi R. plicatus, Toai Sk aHTouia-
HY —y nnogax. KopenauinHuim aHania BUSBUB CUITbHY NMO3UTUBHY NiHINHY 3aneXHICTb MiDK aHTUOKCUAAHTHOI aKTUBHICTIO
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i BMicTOM cbeHonbHUX cnonyk, hnaBoHOIAIB, KATEXIHIB Ta aHToOLiaHIiB y nnoaax, ToAi Sk Hancnablua 3anexHicTb crno-
cTepiranacs ons opraHiyHmx kucnot. Li pesynsrati MoXyTb OyTv BUKOPUCTaHI ANst po3p0o6neHHst onTMMarbHOi TEXHO-
norii BupobHMUTBa npenapariB Ha OCHOBI eKCTPaKTiB N1CTa Ta nnogis R. plicatus.

Knrovoei cnoea: nucmsi ma nnodu OXuHU; 3a2aribHa aHMUOKcUuOaHmMHa EMHICMb, KOPEnsyisi; nocidosHa

suYeprHa ekcmpakuyis.

Introduction. Reactive oxygen species (ROS) are ge-
nerated both endogenously and exogenously. For example,
they are actively formed during the tricarboxylic acid
cycle and the mitochondrial respiratory chain, which is
closely associated with the inner mitochondrial mem-
brane [1]. Within physiological limits, ROS play an im-
portant role as metabolites that support cellular protec-
tion and survival [2]. However, when the mechanisms
responsible for the ROS neutralization are impaired, the
accumulation of free radicals can occur, leading to oxi-
dative stress. Oxidative stress is closely linked to the
development of various human pathologies, including
cancer, diabetes, chronic kidney disease, mitochondrial
dysfunction, neurodegenerative disorders, aging, and DNA
damage [3]. Therefore, the regular intake of foods, bever-
ages, pharmaceuticals, or dietary supplements that are
rich in antioxidants is recommended to counteract the
harmful effects of ROS [4].

Blackberry is a shrub of the Rosacea family. The dis-
tribution area is Europe, North America, Asia [5]. The che-
mical composition of blackberry fruits is represented by
anthocyanins (cyanidine-3-O-glucoside), organic acids
(citric acid) [6]. Blackberry leaves and fruits possess the
antidiabetic, antibacterial, anti-inflammation, and anti-
oxidant activity [7-9]. In folk medicine, blackberry is
applied in the treatment of influenza, diabetes, sore throat,
stomatitis, gingivitis [10].

The antioxidant activity of R. plicatus leaves and
fruits was evaluated by the assay of 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH) [11], 2,2’-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid (ABTS) [12] and ferric re-
ducing antioxidant power (FRAP) [13]. However, there
is no studies to determine the total antioxidant capacity
of R. plicatus leaves and fruits. In our opinion, the to-
tal antioxidant capacity of raw materials is essential for
the development of medicine, dietary supplements and
cosmetic products.

The aim of the study was the determination and com-
parative analysis of the total antioxidant capacity of black-
berry (Rubus plicatus L.) leaves and fruits.

Materials and methods. The study focused on R. p/i-
catus fruits and leaves, which were harvested from areas
where they were naturally grown. They collected in 2024
in July, near the village of Ternova in the Kharkiv re-
gion (50°19'31" N, 36°66'93" E).

The pH meter HANNA 2550 (Federal Republic of
Germany) with a combined platinum electrode EZDO
50 PO (Taiwan) was applied for potentiometric measure-
ments. The quantitative analysis of biological active com-
pounds was carried out using a UV-spectrophotometer
UV — 1000 (People’s Republic of China) with matched
1 cm quarts cells. Weighing was carried out using an
AN100 digital analytical balance (AXIS, Poland) with
d=0.0001 g.

12.5 g of R. plicatus were ground to a size of 1-2 mm.
The extraction was carried out one by one using dis-
tilled water, 20 % ethanol, 40 %ethanol, 60 % ethanol,
96 % ethanol and chloroform in the ratio of the raw
material/solvent 1/20 (m/v) in a water bath at 80°C with
reflux for 1 hour. After cooling, the solutions were fil-
trated and concentrated to 25.00 mL by a rotary evapo-
rator at 40 °C under a vacuum.

The total phenolic compounds were quantified using
the Folin-Ciocaltau method, with absorbance readings
taken at 760 nm [14]. The total content of flavonoids
was found by the AICI, assay where the absorbance was
measured at 415 nm [14]. The total content of hydroxy-
cinnamic acids derivatives was measured by the assay
of the complex formation with NaNO,-Na,MoO,, the
absorbance was measured at 525 nm [14]. The total ca-
techins were assessed using the vanillin reagent assay
where the absorbance was measured at 505 nm [15].
The total content of organic acids was found through
acid-base titration, using the potentiometric method to
determine the end-point [14]. The amount of anthocya-
nins was determined by the molecular absorption analy-
sis [14], the absorbance was measured at 600 nm.

The antioxidant capacity of extract was evaluated
by the potentiometric method [16].

The Pearson’s (r) correlation coefficient was used to
analyze the correlation between the antioxidant capacity
and the amount of phenolic derivatives, anthocyanins,
catechins, flavonoids, hydroxycinnamic acids and organic
acids. The correlation coefficient took a value in the range
of -1 to +1. Correlation is very high if it is within the
range from 0.90 to 1.00; a high correlation is from 0.70
to 0.90; from 0.50 to 0.70 it is a moderate correlation;
a low correlation is from 0.30 to 0.50; and from 0.00 to
0.30 correlation is negligible [17].

Results and discussion. The aqueous extract had
the most significant content of phenolic compounds
(12.42 mg/mL), while other R. plicatus leaf extracts
showed much lower content of phenolic compounds.
The amount of the total content of phenolic com-
pounds of R. fructicosus leaf extracts was 46.02 mg/mL
(Table 1).

The total content of catechins was 24.22 mg/mL.
The highest amount of catechins was observed in the
aqueous extract (13.08 mg/mL), followed by the other
20 % EtOH extract. According to the results, the part
of the amount of total catechins out of phenolic com-
pounds was 53.0 % (Table 1).

The total content of flavonoids was 16.84 mg/mL.
The highest amount of flavonoids was observed in the
aqueous extract (8.64 mg/mL), followed by the other
EtOH extracts (Table 1). According to the results, the
part of the amount of total flavonoids out of phenolic
compounds was 35.0 % (Table 1).
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Table 1

The quantitative content (mg/mL) of phenolic compounds, flavonoids, hydroxycinnamic acids derivatives,
catechins, organic acids, a dry residue, and the antioxidant capacity calculated from the extraction of R. plicatus
leaves (in the 1:20 ratio of the raw material/solvent)
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distilled wat 12.12 24.84 13.08 8.64 9.72 12.10 129.84
Istifled water +0.06 +0.50 +0.60 +0.20 +0.20 +0.10 +1.26
5.16 10.58 5.58 3.68 4.14 5.16 55.30
20 % EtOH +0.02 +0.22 +0.12 +0.08 +0.10 +0.06 +0.56
3.82 7.82 4.12 272 3.06 3.80 40.88
40 % EtOH +0.02 +0.12 +0.11 +0.08 +0.06 +0.04 +0.40
0.92 1.62 0.84 1.40 0.64 0.78 8.42
60 % EtOH +0.02 +0.05 +0.02 +0.02 +0.02 +0.01 +0.08
0.78 0.92 0.48 0.32 0.36 0.44 4.80
96 % EtOH +0.02 +0.02 +0.02 +0.02 +0.02 +0.01 +0.04
Chioroform 0.12 0.24 0.12 0.08 0.08 0.12 1.20
+0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02
The amount
of the total 2292 46.02 2422 16.84 18.00 22.40 240.44
content of BAS

The total content of hydroxycinnamic acid deriva-
tives was 18.00 mg/mL. The highest amount of hydroxy-
cinnamic acid derivatives was observed in the aqueous
extract (9.72 mg/mL), followed by the other EtOH ex-
tracts (Table 1). The part of the amount of total hydrox-
ycinnamic acid derivatives out of phenolic compounds
was 21.0 % (Table 1).

The aqueous extract had the highest content of orga-
nic acids (12.10 mg/mL), while other R. plicatus leaf ex-
tracts demonstrated much lower content of organic ac-
ids. The total content of organic acids was 22.40 mg/mL
(Table 1).

The total antioxidant capacity of R. plicatus leaves
was 240.44 mmol-equiv./mg, 4 The antioxidant ca-
pacity increases in the following order of extracts: 96 %
EtOH< 60 % EtOH< 40 % EtOH <20 % EtOH < aque-
ous extract.

Table 2 shows that the total content of phenolic
compounds was 10.00 mg/mL. The aqueous extract
had the most significant content of phenolic compounds
(3.70 mg/mL). Compared with the results of the study
of R. plicatus leaves, we observed that the total amount
of phenolic compounds was 4.54 times higher in the
R. plicatus leaf extract than in fruits (Table 1).

The total content of anthocyanins was 9.60 mg/mL.
The highest amount of anthocyanins was observed in the
aqueous extract (3.56 mg/mL), followed by the other
20 % EtOH extract. According to the results, the part
of the amount of total anthocyanins out of phenolic com-
pounds was 96.0 % (Table 2).

Fruits of R. plicatus, unlike the leaves, do not con-
tain flavonoids and hydroxycinnamic acid derivatives.
However, R. plicatus fruits have anthocyanins com-
pounds (Table 1, 2).

The total content of organic acids was 22.20 mg/mL.
Other R. plicatus fruit extracts demonstrated much lower
content of organic acids (Table 2).

The total antioxidant capacity of R. plicatus fruit was
71.20 mmol-equiv./mg, ..+ The antioxidant capacity
increases in the following order of extracts: 96 % EtOH
< 60 % EtOH < 40 % EtOH < 20 % EtOH < aqueous
extract. Compared with the results of the study with the
antioxidant capacity of R. plicatus leaves we observed
that the total antioxidant capacity of R. plicatus leaves
was 3.42 times higher in the R. plicatus fruits (Table 1, 2).

Next, we decided to evaluate the total antioxidant
capacity of the raw material in one molar concentration
since the comparison of the antioxidant capacity in dif-
ferent concentrations was not correct. For this, we ob-
tained the amount of the extracts of blackberry leaves
and fruits and combined them, and evaporated to the
mass of the sample. After that, we estimated the anti-
oxidant capacity in one molar concentration calculated
with reference to gallic acid, namely in concentrations
of 0.03 mol/L. According to the results presented in Ta-
ble 3, it was shown that the antioxidant capacity of the
total extract of blackberry fruits was 27 % higher than
the antioxidant capacity of the total leaf extract.

The Pearson’s (r) coefficients between antioxidant
capacity and the total amount of phenolic compounds,



58 ISSN 2415-8844 (Online)

BICHWK ®APMALLII 2 (110) 2025

Table 2

The quantitative content (mg/mL) of anthocyanins, organic acids, a dry residue, and the antioxidant capacity
calculated from the extraction of R. plicatus fruits (in the 1:20 ratio of the raw material/solvent)
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+0.05 +0.08 +0.08 +0.24 +0.26
1.38 2.30 2.20 5.10 16.38
[0) — —
20 % EtOH +0.03 +0.06 +0.08 +0.16 +0.16
1.02 1.70 1.64 3.78 12.10
0 — —
40 % EtOH +0.03 +0.06 +0.08 +0.12 +0.30
0.72 1.20 1.16 2.66 8.54
[0) — —
60 % EtOH +0.03 +0.06 +0.06 +0.08 +0.08
0.60 1.00 0.96 2.22 7.12
[0) — —
96 % EtOH +0.02 +0.05 +0.04 +0.04 +0.08
Chioroform 0.06 0.10 0.08 ~ ~ 022 0.72
+0.01 +0.01x +0.01 +0.01 +0.01
The amount
of the total 6.02 10.00 9.60 - - 22.20 71.20
content of BAS
catechins, flavonoids, hydroxycinnamic acids derivatives, Table 3

and organic acids of R. plicatus leaves were 0.9750, 0.9780,
0.9800, 0.8120 and 0.6500, respectively (Table 4).

In the case of R. plicatus fruits, the Pearson’s (r)
coefficients between the antioxidant capacity and the
total amount of phenolic compounds, anthocyanins, and
organic acids were 0.9890, 0.9990, and 0.6020, respec-
tively (Table 5).

In our previous study [18], we developed and de-
scribed the method of the sequential exhaustive extrac-
tion. This approach involves treating the same plant
material with solvents of varying polarity, for exam-
ple, distilled water as a highly polar solvent and etha-
nol solutions of different concentrations as less polar
solvents. Such stepwise exhaustive extraction makes it
possible to fully isolate both hydrophilic and lipophilic
biologically active substances (BAS). In this procedure,
the plant material was not dried after each extraction

The level of the total antioxidant capacity
of extracts from R. plicatus fruits and leaves,
and the standard epigallocatechin-3-O-gallate
in the concentration of 0.03 mol/L

Concentration, Antioxidant ca'paC|ty,
Sample mol/L mmol-equiv./
mdrv res iSD

R. plicatus fruit 35.60+1.00
extract
R. plicatus leaf 0.03 26.00+1.00
extract
Epigallocatechin-
3:0-gallate 30.78+1.00

Notes: SD - standard deviation, n=3, a — the molar concentration
of blackberry leaf and fruit extracts was calculated as total
phenolic compounds calculated with reference to gallic acid

Table 4

The Pearson's (r) correlation coefficient between the antioxidant capacity
and the content of biologically active compounds in extracts of R. plicatus leaves

Total phenolic
content

Total catechin
content

Total flavonoid
content

Total content

of hydroxycinnamic

acid derivatives

Total content
of organic acids

Antioxidant
capacity

0.9750

0.9780

0.9800

0.8120

0.6500




NEWS OF PHARMACY 2 (110) 2025

ISSN 2415-8844 (Online) 59

Table 5

The Pearson's (r) correlation coefficient between the
antioxidant capacity and the content of biologically
active compounds in extracts of R. plicatus fruits

Total Total Total content
phenolic | anthocyanin | of organic
content content acids

Antioxidant | 554, 0.9990 0.6020
capacity

step; therefore, the amount of the solvent absorbed by
the raw material was taken into account. Earlier, we de-
termined the absorption coefficient of the raw material
for different solvents.

The antioxidant capacity of the extracts obtained was
evaluated using the potentiometric method selected for
its high sensitivity, rapid analysis, and relatively low cost
of equipment and reagents [19]. Nevertheless, to substan-
tiate the extraction conditions, specific acceptance cri-
teria are required. According to the literature, the most
common criterion is the maximum yield of phenolic and
extractive compounds. We suggest using the total anti-
oxidant capacity of the raw material as a more appropri-
ate criterion for selecting optimal extraction conditions.
This is justified, first, by the strong positive correlation
between the antioxidant capacity and the content of
phenolic compounds, and second, by the fact that meas-
uring the antioxidant capacity is less time-consuming

than determining the content of BAS and extractive
substances. The term “the total antioxidant capacity of
the raw material” refers to the cumulative antioxidant
activity of all hydrophilic and lipophilic BAS present
in the sample.

Conclusions and prospects of further research.
The total antioxidant capacity of R. plicatus leaves and
fruits was determined using the potentiometric method.
The analysis of biologically active substances and the
antioxidant capacity of R. plicatus extracts demonstra-
ted that the aqueous extract contained a significant amount
of biologically active compounds, as well as exhibited
a pronounced antioxidant capacity. The quantification
showed that catechins were the main group among the
phenolic compounds in R. plicatus leaves, while antho-
cyanins predominated in fruits. The correlation analysis
revealed a strong positive linear relationship between
the antioxidant capacity and the content of phenolic
compounds, flavonoids, catechins and anthocyanins
in the case of fruits, while the weakest correlation was
observed for organic acids. The total antioxidant capa-
city of R. plicatus leaves was higher than that of fruits;
however, when compared at the same molar concentra-
tion, the fruits exhibited a greater antioxidant capacity.
These results can be used to develop optimal technolo-
gies for producing drugs based on R. plicatus leaf and
fruit extracts.
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