CHEMIJA. 2020. Vol. 31. No. 2. P. 101-110

© Lietuvos moksly akademija, 2020

Seasonal variation of the qualitative and
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Apple (Malus domestica Borkh.) fruits are rich in phenolic glycosides,
triterpenic acids and other biologically active compounds. The apples are
widely used as food products due to their biologically active compounds
that have specific biological effects. It is important to use high quality ap-
ples or their recycling products, so it is necessary to investigate the quali-
tative and quantitative composition of the bioactive compounds.

The amount of triterpenic acids varies during different phenologi-
cal stages of apple development and maturation. In order to determine
in which phenological stage of apple growth the quantity of triterpenic
acids was highest, high-performance liquid chromatography was applied.
The highest total amounts of triterpenic compounds were detected at
the beginning of the phenological stage of fruit development. The study
showed that the highest amounts of triterpenic acids were detected at
the beginning of the phenological stage of apple development, while
as the apple matured, the amount of triterpenic acids decreased from
2.63 £0.26 mg/g to 1.6 £ 0.28 mg/g. In this study, we identified and quan-
tified four triterpenic compounds, which by the quantitative composition
of triterpenic acids could be arranged in the following ascending order:
betulinic acid < corosolic acid < oleanolic acid < ursolic acid.

In order to use herbal extracts for medical practice it is important to
perform biological effects study in vitro and in vivo. Antioxidants with
different mechanisms of action neutralize harmful reactive oxygen and
nitrogen forms and enhance antioxidants protection systems. The anti-
oxidant activity of apple extracts in vitro varied during different pheno-
logical stages of the fruit. The strongest antiradical and reductive activities
were observed at the beginning of apple development. In order to deter-
mine the relationship between the antioxidant activity of the acetone ex-
tracts of apples assessed by DPPH, ABTS, CUPRAC and FRAP assays and
the total amount of triterpenic acids in these extracts, a correlation analy-
sis was carried out. The strongest positive correlation was observed be-
tween the amount of oleanolic acid and the antioxidant activity assessed
by DPPH, ABTS and CUPRAC methods (respectively, 7 = 0.778,r = 0.784
and r = 0.720).
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INTRODUCTION

The apple is one of the most widely consumed
fruit in the world [@]. The phytochemical com-
position of the apples depends on various envi-
ronmental factors, such as the climatic conditions,
geographical locations, soil, care technologies of
trees, the time of picking and storage conditions
[E, @, @]. The quality of the apples depends not
only of the beginning of fruiting and the yield, but
also on the rootstock and the cultivars of the ap-
ples [ﬂ, H]. The apples are an important part of
human nutrition and are a source of various bio-
logically active compounds [@]. Apples are rich
in phenolic and triterpenic compounds, vitamins,
micro- and macro-elements, fibers, amino acids,
fatty acids and organic acids [, @, @]. The bio-
logical effects of triterpenic compounds found in
plants of the genus Malus Mill. have been widely
described [E]. The biological effects of triterpenic
compounds are shown in Fig. . The apple extracts
exhibited a strong antioxidant activity [@, @].
The phenolic compounds act as natural antioxi-
dants and bind free radicals, inhibit the products
of their reactions, and stimulate the synthesis of
antioxidant enzymes, which prevent oxidative
stress-induced lipid damage to molecular struc-
tures of the body such as DNA []. The antioxi-
dant mechanisms described in many studies have
important implications for the protective effect
of apple extracts not only against cancer, but also
against cardiovascular disease, Alzheimer’s dis-
ease, asthma and, potentially, diabetes [E].

The amount of biologically active compounds
accumulated in plant organs varies depending on
the phenological growth stage. Therefore, it is im-
portant to determine the variability in the com-

Fig. 1. Biological effects of triterpenic acids

position of triterpenic compounds in apple ex-
tracts and the antioxidant activity during different
phenological stages of fruit development and
maturation. The results of the research will ensure
the development and production of nutritional
supplements, functional food, or other products
of apple extracts rich in triterpenic compounds.

The aim of the study was to determine the qual-
itative and quantitative composition of triterpenic
compounds and their antioxidant activity in apple
extracts during different phenological stages of
fruit development and maturation.

EXPERIMENTAL

Plant materials

We studied fruit samples of the Connel Red and
Ligol apple cultivars. The apple trees were grown
in the experimental orchard of the Institute of
Horticulture, the Lithuanian Research Centre
for Agriculture and Forestry, Babtai, Lithuania
(55°60" N, 23°48' E). The apples were picked 10
times during the vegetation period, during differ-
ent stages of fruit development and maturation
(Table 1). The study was performed in 2017-2018.

Chemicals

All solvents, reagents and standards used were of
analytical grade. Acetonitrile, acetone, acetic acid,
ursolic acid, oleanolic acid, betulinic acid, corosolic
acid and hydrochloric acid were obtained from Sig-
ma-Aldrich GmbH (Buchs, Switzerland), and etha-
nol from Stumbras AB (Kaunas, Lithuania). ABTS
(2,2’-azino-bis  (3-ethylbenzothiazoline-6-sulfonic
acid)), trolox (6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid), potassium persulfate, cop-
per (II) chloride, ammonium acetate, neocuproine,
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Table 1. Sampling dates and phenological growth
stages of the apples

Sampling dates | Day of the year Phenolgtgai;aelsgrowth
17 June 168
15 July 196
12 August 224 Fruit development
9 September 252
16 September 259
23 September 266
30 September 273
7 October 281 Fruit maturation
14 October 288
4 November 308

DPPH (2,2-diphenyl-1-picrylhydrazyl) and sodium
acetate were obtained from Scharlau (Sentmenat,
Barcelona, Spain), TPTZ (2,4,6-tri(2-pyridyl)-s-tria-
zine) was obtained from Carl Roth (Karlsruhe, Ger-
many) and iron (IIT) ) chloride hexahydrate from
Vaseline-Fabrik Rhenania (Bonn, Germany). Puri-
fied deionized water used in the tests was prepared
with the Milli-Q® (Millipore, Bedford, USA) water
purification system.

Preparation of samples

Whole apples were immediately frozen in a freezer
(-35°C) with air circulation. Subsequently, these
frozen samples were lyophilized with a ZIRBUS
sublimator 3 x 4 x 5/20 (ZIRBUS technology, Bad
Grund, Germany) at a pressure of 0.01 mbar (con-
denser temperature: —-85°C). The lyophilized sam-
ples were ground to fine powder by using a Retsch
200 mill electric grinder (Haan, Germany) [El]'
Loss on drying before the analysis was determined
by drying the apple lyophilisate in a laboratory
drying oven to complete the evaporation of wa-
ter and volatile compounds (temperature: 105°C;
the difference in weight between measurements:
up to 0.01 g) and by calculating the difference in
raw material weight before and after drying [@].
The data were recalculated for the absolute dry
lyophilisate weight. The prepared apple samples
were stored in dark, tightly closed glass vessels.

Extraction
During the analysis, 1 g of lyophilizate powder
(exact weight) was weighed, added to 10 mL of

acetone, and extracted in a Sonorex Digital 10 P
ultrasonic bath (Bandelin Electronic GmbH &
Co. KG, Berlin, Germany) at room temperature
for 10 min. The conditions of the extraction were
chosen based on the results of the tests for setting
the extraction conditions. The obtained extract
was filtered through a paper filter, and the residue
on the filter was washed with acetone in a 10 mL
flask until the exact volume was reached [EI].

Instruments

The following devices were used in the study:
a ZIRBUS 3 x 4 x 5/20 lyophilizer (ZIRBUS tech-
nology, Bad Grund, Germany), a Retsch GM 200
mill electric grinder (Retsch GmbH, Han, Ger-
many), a Bandelin Sanorex Digital 10P ultrasonic
bath (Bandelin Electronic GmbH & Co. KG, Ber-
lin, Germany), a 2511 dry vacuum pump/com-
pressor vacuum pump (Welch, Skokie, USA),
a M550 UV-visible spectrophotometer (Spec-
tronic CamSpec, Garford, UK), and a Waters 2695
Alliance chromatograph (Waters, Milford, USA)
with a Waters 2998 PDA (Waters, Milford, USA)
photodiode array detector.

Instrumentation and chromatographic
conditions

A chromatograph equipped with a Waters 2998
PDA detector (Waters, Milford, USA) was used
for HPLC analysis. Chromatographic separations
were carried out by using an ACE (5 pm, C18,
250 x 4.6 mm i.d.) column. The column was oper-
ated at a constant temperature of 25°C. The vol-
ume of the analysed extract was 10 pL. The flow
rate was 1 mL/min. The mobile phase consisted
of acetonitrile (solvent A) and water (solvent B).
We applied isocratic elution, the eluent ratio be-
ing 88% (solvent A) and 12% (solvent B). For
the quantitative analysis, the calibration curve was
obtained by injecting the known concentrations of
different standard compounds. All the identified
triterpenic compounds were quantified at 205 nm
wavelength [].

Determination of antioxidant activity

The DPPH- free radical scavenging assay was
the following: 3 mL of DPPH" solution were mixed
with 100 pL of the acetone extract of apple sam-
ples. A decrease in absorbance was measured at
A =517 nm [@]. The ABTS " free radical scavenging
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assay was carried out in the following manner:
3 mL of ABTS* solution were mixed with 100 pL
of the acetone extract of apple samples. A decrease
in absorbance was measured at A = 734 nm [].
The procedure of the FRAP assay was the follow-
ing: the FRAP solution included TPTZ (0.01 M
dissolved in 0.04 M HCIl), FeCl, x 6H,0 (0.02 M in
water) and an acetate buffer (0.3 M, pH 3.6) (ratio
1:1:10). During the testing, 3 mL of a freshly pre-
pared FRAP reagent were mixed with 100 pL of
the acetone extract of apple samples. An increase
in absorbance was recorded at A = 593 nm [].
The CUPRAC assay was performed in the follow-
ing manner: the CUPRAC solution included cop-
per (IT) chloride (0.01 M in water), an ammonium
acetate buffer solution (0.001 M, pH = 7) and neo-
cuproine (0.0075 M in ethanol) (ratio 1:1:1). Dur-
ing the testing, 3 mL of CUPRAC reagent were
mixed with 100 pL of the acetone extract of apple
samples. An increase in absorbance was recorded
at A = 450 nm [@]. The calculation of the anti-
oxidant activity of the acetone extract of apple
samples was the following: the antioxidant acti-
vity of the extracts was calculated from the trolox
calibration curve and expressed as a pmol trolox
equivalent (TE) per gram of the absolutely dry
weight (DW). TE was calculated according to
the formula TE = ¢ x V/m (umol g'), where ¢
was the concentration of trolox established from
the calibration curve (in uM), V was the volume
of the apple extract (in L), and m was the weight
(precise) of the lyophilized apple powder (in g).

RESULTS AND DISCUSSION

Evaluation of triterpenic compounds in

the apple samples

Triterpenic compounds (betulinic acid, corosolic
acid, oleanolic acid and ursolic acid) were iden-
tified in acetone extracts of the Ligol and Con-
nel Red apple cultivars. In the apple samples of
the Ligol and Connel Red cultivars, the highest
total amounts of triterpenic compounds (respec-
tively, 2.63 + 0.26 mg/g and 2.21 + 0.85 mg/g)
were detected at the beginning of the phenologi-
cal stage of fruit development (on the 168th and
the 252nd days of the year) (Fig. ). In the sam-
ples of the Ligol and Connel Red apple culti-
vars, the lowest total amounts of triterpenic
compounds (respectively, 1.72 + 0.28 mg/g and

Fig. 2. Variation in the quantitative composition of the total amount
of triterpenic acids during different phenological growth stages of
the apples

1.66 + 0.28 mg/g) were detected during the phe-
nological stage of fruit maturation (on the 308th
and the 288th days of the year) (Fig. @). The analy-
sis using the HPLC method with gradient elution
showed that the highest amount of total phenolic
compounds (20.97 + 0.74 mg/g) was detected at
the beginning of the fruit development period (on
the 168th day of the year), and the lowest amount
(1.61 + 0.05 mg/g) during the apple maturation
period [@].

In this study, we evaluated the amounts of in-
dividual triterpenic compounds during the phe-
nological stages of apple development and matu-
ration. The analysis of the apple samples showed
that the amounts of individual triterpenic com-
pounds varied during different phenological
growth stages of the fruit. These results confirm
the data of other studies where the amounts of in-
dividual triterpenic compounds in apple samples
varied [].

Of all the identified and quantified triter-
penic compounds, ursolic acid predominated in
the studied apple samples. The highest amount
of ursolic acid was detected at the beginning of
the fruit development period (on the 168th and
the 196th days of the year): in the apple sam-
ples of the Ligol cultivar, it was 2.13 £ 0.17 mg/g,
and in the samples of the Connel Red cultivar
1.65 + 0.25 mg/g (Fig. H). The lowest amount of
ursolic acid was detected during the apple matu-
ration period (on the 281st and the 266th days of
the year): in the apple samples of the Ligol culti-
var, it was 1.44 + 0.34 mg/g, and in the samples of
the Connel Red cultivar 1.28 + 0.22 mg/g (Fig. H).
A study by German researchers where the HPLC
method with the gradient elution system was used
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Fig. 3. Variation in the amounts of ursolic and oleanolic acids during different

phenological growth stages of the apples

showed that the amount of ursolic acid in the apple
samples varied from 0.80 to 1.43 g/100 g [@]. Our
results confirmed these data and revealed that
the amount of ursolic acid in apple samples of Li-
gol and Connel Red cultivars grown in Lithuania
was higher than that reported in the aforemen-
tioned study.

The highest amount of oleanolic acid was de-
tected during the phenological stage of apple de-
velopment (on the 168th and the 252nd days of
the year): in the apple samples of the Ligol culti-
var, it was 0.55 + 0.09 mg/g, and in the samples of
the Connel Red cultivar 0.52 + 0.42 mg/g (Fig. H).
The lowest amount of oleanolic acid was detected
during the phenological stage of apple matura-
tion (on the 308th and the 266th days of the year):
in the apple samples of the Ligol cultivar, it was
0.27 + 0.05 mg/g, and in the samples of the Con-
nel Red cultivar 0.25 + 0.05 mg/g (Fig. H). The re-
sults of this study are in line with those reported
in a study conducted by German and French re-
searchers, where the content of oleanolic acid in

the apple ranged from 0.16 to 1.0 g/100 g [@,
@]. Such factors as the geographical region and
climatic-meteorological and cultivation condi-
tions could have influenced these quantitative dif-
ferences.

The variation in the amount of corosolic acid de-
tected in the apple samples throughout the pheno-
logical growth stages of the fruit differed from that
of the previously discussed ursolic and oleanolic
acids. The highest amount of corosolic acid was
detected at the end of the phenological stage of ap-
ple maturation (on the 288th and the 308th days
of the year): in the apple samples of the Ligol culti-
var, it was 0.30 £ 0.09 mg/g, and in the samples of
the Connel Red cultivar 0.12 + 0.2 mg/g (Fig. H).
These results differed from those described previ-
ously, where the highest amounts of ursolic and
oleanolic acids were detected at the beginning of
the phenological stage of apple development.

The amount of betulinic acid was the low-
est of all the identified and quantified triter-
penic compounds detected in the apple samples.

Fig. 4. Variation in the amounts of corosolic and betulinic acids during different
phenological growth stages of the apples
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The highest amount of betulinic acid was detected
at the beginning of the phenological stage of ap-
ple maturation (on the 196th day of the year): in
the apple samples of the Connel Red cultivar, it was
0.30 £ 0.09 mg/g, and in the samples of the Ligol
cultivar 0.02 + 0.001 mg/g (Fig. #). As the apples
were developing and maturing, the amount of bet-
ulinic acid was decreasing.

The HPLC analysis of acetone extracts obtained
from the apples revealed that ursolic acid was
the most abundant compound in the samples inves-
tigated. Its amounts were considerably higher than
those of other triterpenic acids, and were highest
at the beginning of the phenological development
stage of the fruit. The results of the HPLC analysis
showed that the highest amount of triterpenic acids
was accumulated at the beginning of the pheno-
logical development stage of the apples. According
to the available data, apples are a valuable natural
source of triterpenic acids. This encourages further
research on this plant as raw material that could be
used in pharmacy.

Evaluation of antioxidant activity in the apple
extracts

Herbal extracts are multi-component matrices
with antioxidant activity determined by a set of
reactions with different mechanisms, and thus
antioxidant activity cannot be evaluated by a sin-
gle method []. For these reasons, the use of at
least two different methods is recommended for
the evaluation of antioxidant activity in herbal
extracts [22]. In order to thoroughly evaluate
the antioxidant effect of the acetone extracts of ap-
ples, different antioxidant capacity assays (DPPH,
ABTS, CUPRAC and FRAP) were selected. Anti-

radical DPPH and ABTS methods explain the po-
tency of antioxidants to bind free radicals [@, é].
DPPH: is a free radical soluble in organic solvents,
which limits the evaluation of antiradical activity
in hydrophilic compounds [, ]. ABTS* free
radical is a cation soluble in water and organic sol-
vents, which allows for evaluating the antiradical
activity of hydrophilic and lipophilic compounds
in weakly alkaline conditions (pH = 7.4) [|L2, ].
The CUPRAC method evaluates the reductive ac-
tivity by measuring the antioxidant power to re-
duce Cu(II) to Cu(I) at pH = 7.0 [23]. The FRAP
method aids in evaluating the reductive activity
by assessing the reduction of Fe(III) to Fe (II) in
acidic conditions (pH = 3.6) [@, ]. In order to
find relationships between the antioxidant activity
and the amount of triterpenic compounds in these
extracts, the Pearson correlation coefficient was
calculated [@].

The results of the study showed that the
strongest antiradical effects by binding DPPH"
free radicals in acetone extracts of the Ligol
(11.23 £0.43 pmol TE/g) apple cultivar and in ace-
tone extracts of the Connel Red (10.63 + 0.58 pmol
TE/g) apple cultivar were observed at the begin-
ning of the phenological fruit development stage
(on the 168th day of the year) (Fig. E). Astheapples
were developing and maturing, the antioxidant
activity was decreasing. The weakest antiradical
effects by binding DPPH" free radicals in acetone
extracts of the Ligol (2.47 + 0.38 umol TE/g) ap-
ple cultivar and in acetone extracts of the Connel
Red (2.92 + 0.37 umol TE/g) apple cultivar were
observed during the phenological stages of apple
maturation (on the 288th and the 273rd days of
the year) (Fig. E). Antiradical activity determined

Fig. 5. Antiradical activity of the apple sample extracts evaluated via DPPH and
ABTS free radical scavenging assays during different phenological growth stages
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by the DPPH method had a moderate positive cor-
relation with the amounts of the identified betu-
linic, corosolic and ursolic acids (r = 0.364-0.592)
(Table 2). Oleanolic acid had a strong correlation
with the antiradical effect detected via DPPH
(r = 0.778) (Table 2). In a previous study, the re-
searchers observed a similar antiradical activity by
binding DPPH" free radicals in ethanol extracts of
apples [@]. The study showed that the strongest
antiradical activity by binding DPPH" free radicals
(81.02 pmol TE/g) was observed at the beginning
of the apple development stage (on the 168th day of
the year). As apples were maturing, the antioxidant
activity was decreasing [@].

The strongest antiradical effects by bind-
ing ABTS'* free radicals in acetone extracts of
the Ligol (9.97 £ 0.15 pmol TE/g) apple cultivar
and in the acetone extracts of the Connel Red
(9.53 £ 0.53 umol TE/g) apple cultivar were ob-
served at the beginning of the fruit development
stage (on the 168th and the 196th days of the year)
(Fig. H). The weakest antiradical effects by binding
ABTS* free radicals in acetone extracts of the Ligol
(0.58 + 0.33 umol TE/g) apple cultivar and in ace-
tone extracts of the Connel Red (1.48 + 0.27 pmol
TE/g) apple cultivar were observed at the end of
the apple development period (on the 259th day
of the year) and during the fruit maturation peri-
od (on the 288th day of the year) (Fig. E). Antioxi-
dant activity established by the ABTS method had
a strong correlation (r = 0.784) with the amount
of oleanolic acid, and a moderate correlation
(r = 0.337-0.594) with the amounts of the other
identified triterpenic acids was observed (Ta-
ble 2). Chen et al. performed a similar study to
evaluate the antiradical activity of apple extracts
by assessing the binding of ABTS** free radicals.

The results obtained in their study confirmed our
research data indicating that the strongest anti-
radical activity by binding ABTS** free radicals
was observed at the beginning of the phenological
stage of apple development, and the weakest one
during the fruit maturation stage [].

In the CUPRAC assays, the strongest re-
duction effects in acetone extracts of the Li-
gol (38.27 + 2.77 pmol TE/g) apple cultivar
and in acetone extracts of the Connel Red
(37.00 £ 3.60 umol TE/g) apple cultivar were ob-
served at the beginning of the phenological stage
of apple development (on the 168th and the 196th
days of the year) (Fig. E). As apples were devel-
oping and maturing, the reduction activity was
decreasing. The weakest reduction effects evalu-
ated via the CUPRAC assays in acetone extracts
of the Ligol (2.85 + 1.23 umol TE/g) apple cul-
tivar and acetone extracts of the Connel Red
(3.42 + 1.20 pmol TE/g) apple cultivar were ob-
served in the middle of the phenological stage
of apple maturation (on the 281stand the 273rd
days of the year) (Fig. E). The content of ursolic,
corosolic and betulinic acids had a moderate cor-
relation (r = 0.393-0.606) with reductive activity
determined by the CUPRAC method (Table 2).
Oleanolic acid had a strong correlation (r = 0.720)
with reductive activity established by the CUPRAC
assay (Table 2).

The strongest reduction effects evaluat-
ed by the FRAP assay in acetone extracts of
the Ligol (27.61 + 2.88 pmol TE/g) apple cul-
tivar and in acetone extracts of the Connel Red
(23.67 £ 1.79 umol TE/g) apple cultivar were
observed at the beginning of the apple develop-
ment period (on the 168th and the 196th days
of the year) (Fig. E). The weakest reduction effects

Table 2. Amount of triterpenic acids (mg/g) and antioxidant activity in apple extracts in vitro (umol TE/g),

Pearson correlation coefficients

Antioxidant activity, umol TE/g

Amount of triterpenic acids, mg/g DPPH ABTS CUPRAC FRAP
Betulinic acid 0.515 0.594 0.606 0.593

Corosolic acid 0.592 0.585 0.474 0.447

Oleanolic acid 0.778 0.784 0.720 0.632

Ursolic acid 0.364 0.337 0.352 0.388

Total amount 0.383 0.387 0.393 0.429

0 < |r] < 0.3is a weak correlation; 0.3 < |r] < 0.7 is a moderate correlation; 0.7 < |r| < 1is a strong correlation [B4].
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Fig. 6. Reduction activity of the apple sample extracts evaluated via CUPRAC and
FRAP assays during different phenological growth stages

evaluated by the FRAP assay in acetone extracts
of the Ligol (3.33 + 0.54 pumol TE/g) apple cul-
tivar and in acetone extracts of the Connel Red
(3.26 + 0.29 umol TE/g) apple cultivar were de-
tected in the middle of the phenological stage of
apple maturation (on the 266th and the 273rd
days of the year) (Fig. E). Reductive activity evalu-
ated by the FRAP assay had a moderate correlation
(r =0.388-0.632) with the amount of the identified
triterpenic acids (Table 2). Scientists from Korea
performed an evaluation of the reduction activity
by the FRAP assay and found that the reduction
activity was strongest (16.75 = 0.29 pmol TE/g) at
the beginning of the phenological stage of apple de-
velopment, and the weakest (0.77 + 0.03 pmol TE/g)
during the phenological stage of apple maturation
[@]. The results of our study confirmed these data
and revealed that antiradical activity of the samples
of apple cultivars grown in Lithuania was stronger
than those published in the aforementioned article.

In order to determine the relationship between
the antioxidant activity of the acetone extracts of
apples assessed by DPPH, ABTS, CUPRAC and
FRAP assays and the total amount of triterpenic
acids in these extracts, a correlation analysis was
carried out. There was a moderate positive corre-
lation of the contents of ursolic, corosolic and bet-
ulinic acids as well as the total amount of triter-
penic acids with the antioxidant activity assessed
by all the methods (r = 0.337-0.632). The strong-
est positive correlation was observed between
the amount of oleanolic acid and the antioxidant
activity assessed by the DPPH, ABTS and CU-
PRAC methods (respectively, r = 0.778, r = 0.784
and r = 0.720).

CONCLUSIONS

The HPLC-based analysis was applied for the de-
tection of triterpenic compounds in apple samples
during different phenological stages of the fruit.
The highest total amount of triterpenic acids
(2.63 + 0.26 mg/g) was detected in the Ligol apple
cultivar at the beginning of the phenological stage
of fruit development (on the 168th day of the year),
and the lowest amount (1.66 * 0.28 mg/g) in
the Connel Red apple cultivar during the pheno-
logical stage of fruit maturation (on the 288th day
of the year). The distribution of the four analysed
triterpenic acids was evaluated in the tested whole
apple extracts. Throughout the phenological
stages of the fruit, the quantitative composition
of triterpenic acids could be arranged in the fol-
lowing ascending order: betulinic acid < corosolic
acid < oleanolic acid < ursolic acid.

The in vitro evaluation of antioxidant ac-
tivity was performed. The strongest antiradical
(TE,,p, = 11.23 + 0.43 pmol TE/g and TE,, , =
9.97 £ 0.15 umol TE/g) activity was observed in
the extracts of apple samples collected at the be-
ginning of the phenological stage of fruit develop-
ment (on the 168th day of the year). The strong-
est reductive (TE_ ., = 38.27 + 2.77 umol TE/g
and TE_,, = 27.61 = 2.88 umol TE/g) activity
was found during the phenological stage of ap-
ple development (on the 168th day of the year).
Antioxidant activity established by DPPH, ABTS
and CUPRAC methods had a stronger correlation
with the amount of oleanolic acid (respectively,
r=0.778, r = 0.784 and r = 0.720), compared to
the other identified triterpenic compounds.
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The results obtained in this study encourage
further research on the phytochemical compo-
sition and biological activity of apple extracts.
The evaluation of the antioxidant activity of indi-
vidual triterpenic acids in vitro and in vivo would
help to determine the potential of apples as raw
material in medical practice as well as in the de-
velopment and production of dietary supplements
and cosmetic preparations rich in biologically ac-
tive compounds.
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LIETUVOS KLIMATO SALYGOMIS
AUGINAMU OBELU VEISLIU VAISIU
EKSTRAKTU TRITERPENY KOKYBINES

IR KIEKYBINES SUDETIES [VAIROVES BEI
ANTIOKSIDANTINIO POVEIKIO TYRIMAS
AUGIMO IR NOKIMO TARPSNIAIS

Santrauka

Naminiy obely (Malus domestica Borkh.) vaisiuose
nustatyti fenoliniai glikozidai, triterpeninés ragstys ir
kiti biologiskai aktyvis junginiai. Obuoliai placiai var-
tojami kaip maisto produktas ir yra svarbus dél juose
esanciy biologiskai aktyviy junginiy, lemianciy vaisiy
ir i$ jy pagaminty produkty teigiamg poveikj Zmogaus
organizmui. Todél battina tirti vaisiy kokybine ir kieky-
bine biologiskai aktyviy junginiy sudétj.

Straipsnyje pateikiami tyrimy duomenys apie tri-
terpeniniy ragsciy kiekybinés sudéties jvairove ir jos
pokyc¢ius obuoliy augimo ir nokimo laikotarpiais.
Taikytas efektyviosios skys¢iy chromatografijos ana-
lizés metodas. DidZiausias suminis triterpeniniy
rugsc¢iy kiekis nustatytas obuoliy augimo fenologinio
tarpsnio pradzioje. Obuoliams nokstant, triterpeni-
niy ragéciy kiekis mazéja nuo 2,63 + 0,26 mg/g iki
1,66 + 0,28 mg/g. Atliekant tyrimg identifikuoti ir kie-
kybiskai jvertinti keturi triterpeniniai junginiai, ku-
riuos pagal kiekybine sudétj galima isdéstyti mazéjimo
tvarka: betulino ragstis < korosolio ragstis < oleanolo
ruagstis < ursolo ragstis.

Kad augaliniai ekstraktai buty sékmingai naudo-
jami medicinos praktikoje, svarbu atlikti jy poveikio
tyrimus in vitro ir in vivo. Antioksidantai jvairiais vei-
kimo mechanizmais geba neutralizuoti zalingas reak-
tyvias deguonies ir azoto formas, jy vartojimas stip-
rina antioksidantines apsaugos sistemas. Skirtingais
fenologiniais tarpsniais jvertinome obuoliy ekstrakty
antioksidantinj aktyvumga in vitro. Stipriausias antira-
dikalinis ir redukcinis aktyvumas nustatytas obuoliy
augimo fenologinio tarpsnio pradzioje. Jvertinta obuo-
liy ekstrakty individualiy triterpeniniy rags¢iy kiekio
ir antioksidantinio aktyvumo, nustatyto DPPH, ABTS,
CUPRAC ir FRAP metodais, koreliacija. Jrodyta stipri
koreliacija tarp oleanolo rigsties kiekio ir antioksidan-
tinio aktyvumo, nustatyto DPPH, ABTS ir CUPRAC
metodais (atitinkamai: r = 0,778, r = 0,784 ir r = 0,720).
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