IMPUJIO3U, Oanenenue 3a NpupoaHO-MaTeMaTHIKU U OMOTeXHMYKU Haykd, MAHY, tom 42, 6p. 1-2 , ctp. 45-52 (2021)
CONTRIBUTIONS, Section of Natural, Mathematical and Biotechnical Sciences, MASA, Vol. 42, No. 1-2, pp. 45-52 (2021)

Received: June 6, 2022
Accepted: December 21, 2022

ISSN 1857-9027

e-ISSN 1857-9949

UDC: 634/635:547.56

634/635:577.164.2

DOI: https://doi.org/10.20903/masa/nmbsci.2021.42.10

Original scientific paper

COMPARATIVE RESEARCH ON ANTIOXIDANT CONTENT IN THE FRUITS
OF SELECT INDIGENOUS VARIETIES OF FRUITS, GRAPES AND VEGETABLES

Ana Selamovska, Viktor Gjamovski, Biljana Korunoska®, Milena Taseska-Gjorgjijevski, Klime
Beleski, Dusko Nedelkovski, Katerina Bandjo Oreskovié, Roze Djoljevska-Milenkovska, Viktor Raj¢in

Institute of Agriculture, Ss. Cyril and Methodius University in Skopje, RN Macedonia
*e-mail: markovskabiljana@yahoo.com

In this research study, we presented the results of the chemical analysis conducted on fruits of indigenous varieties and
populations of several fruit species, namely cherries, pomegranates and apples, as well as grapes and vegetables such as pep-
pers and tomatoes. Among the samples analyzed, the pepper populations exhibited the highest concentration of vitamin C,
measured at 51.25 mg/100g. Conversely, the lowest levels of vitamin C were observed in apples and grapes, approximately 9
mg/100g. When considering the overall antioxidant activity, tomatoes and peppers displayed the largest proportion of vitamin
C, accounting for over 75 mg/100g. Furthermore, the highest quantity of anthocyanins was found in cherries, specifically
394.30 mg/kg FW (FW = Fresh Weight). Pomegranate varieties exhibited the greatest content of total phenols, measuring
5359.43 mg/kg FW, along with the highest fruit antioxidant activity, showing 81.58 % inhibition. As for apple varieties, they

contained the highest amount of flavan-3-ols, reaching 517.98 mg/kg FW.
Our analysis revealed a positive correlation between total phenols and antioxidant activity, as well as between total
phenols and flavan-3-ols. Additionally, a moderate negative correlation was identified between vitamin C and flavan-3-ols.
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INTRODUCTION

During a period when human health is in-
creasingly endangered by pollution from both non-
living and living factors, the consumption of biologi-
cally active compounds, known as antioxidants,
plays a crucial role in maintaining well-being. Includ-
ing foods that are abundant in antioxidants and oth-
er vital chemicals in one's diet can significantly
decrease the risk of specific diseases. Agricultural
products serve as a valuable source of antioxidants,
which actively combat cancer-causing free radicals
and degenerative ailments. The level of antioxidants
present in these products varies based on factors
such as genetic makeup, environmental conditions,
cultivation techniques, storage methods, fruit ripe-
ness, and fruit processing Bassi et al. [2], Lakra et al.
[19].

In agricultural products, the antioxidant activity
is attributable to a range of chemical compounds, in-
cluding carotenoids, chlorophyll, phenols, lycopene,
vitamin C, anthocyanin’s, organic acids, flavan-3-ols
and others. Silva-Beltran et al. [39], George et al. [11].

Vitamins play a vital role in sustaining human
life and health, as well as promoting growth and de-
velopment of the body. Inadequate intake of certain
vitamins can result in various diseases known as
hypovitaminosis and avitaminosis. Vitamin C,
known for its potent antioxidant properties, holds
significant importance in several physiological func-
tions. It regulates iron and calcium levels, controls
blood sugar, reduces high blood pressure and ,,bad*
cholesterol levels, enhances the immune system, and
participates in cellular metabolism through oxidore-
duction processes. Fruits and vegetables serve as
sources of vitamin C, albeit in varying quantities.
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High levels of vitamin C have been found in rose
hips and actinidia (634.1-1008.3 mg/100g), haw-
thorn (500 mg/100g), black currant (300 mg/100g),
wild strawberry and blueberry (80 mg/100g), and
citrus fruits (50 mg/100g) Latocha et al. [21], Sela-
movska and Miskoska-Milevska, [38]. In terms of
tomatoes, cultivated varieties contain  20.78
mg/100g of vitamin C, while wild varieties contain
26.22 mg/100g Kurina et al. [18].

Polyphenols are highly significant chemical
compounds, categorized into two main groups: fla-
vonoids (including anthocyanin’s, flavan-3-ols,
monomers and polymers, flavones, and dihydrofla-
vones) and non-flavonoids (comprising hydroxyben-
zoic acid, hydroxycinnamic acid, their derivatives,
stilbene compounds, and phenolic acids) Ribéreau-
Gayon et al. [36]. These compounds exhibit antiox-
idant, anti-inflammatory and anticancer effects
Block et al. [4], Goldner et al. [12], along with anti-
mutagenic properties Sochor et al. [40]. They also
possess antiallergenic qualities, reduce the risk of
chronic diseases, cardiovascular and neurodegenera-
tive disorders Vauzour et al. [43], provide protection
against infections and UV radiation, lower blood
pressure, decrease the risk of heart attacks and
strokes by 20 %, reduce the risk of diabetes, and im-
prove bone function. Moreover, they are crucial for
the biosynthesis of vitamin C. Certain polyphenols
contribute to the quality, color, and taste of fruits,
Von Baer et al. [44], while others serve as protective
agents for plants against biotic factors such as preda-
tors and pests, as well as abiotic factors like frost
and drought, B. Korunoska [3]. Additionally, some
polyphenols play specific physiological roles in plant
development, Macheix et al. [23] and so on.

The polyphenol content in fruits is influenced
by various factors such as the genotype, fruit maturity,
soil-climatic conditions, and cultivation methods,
Rodriguez-Delgado et al. [37], Lopez-Roca et al.
[22], Fernandez-Mar et al. [10]. Phenolic com-
pounds, particularly anthocyanin’s, are Synthesized
in higher amounts under low air temperatures and
insufficient soil moisture Ratiu et al. [34].

Flavans-3-ols, a group of phenolic com-
pounds, play a significant role in the astringency, bit-
terness, and structural properties of food products
Ivanova and Dimovska, [14]. Catechins and their
derivatives, including catechins, epicatechins, epi-
gallocatechins, gallocatechins, and epicatechins-3-
O-gallate, are prominent flavans-3-ols found in
apples, blueberries, strawberries, and grapes. Fla-
vans- 3-ols have been associated with reducing high
blood pressure, body mass, and the risk of type 2

diabetes, as well as providing protection against vas-
cular diseases Raman et al. [33], Osakabe [28].

Anthocyanin’s are water-soluble pigments re-
sponsible for the coloration of leaves, flowers, and
fruit skins. They are most commonly found in berry
fruit species (e.g., black currant, blueberry, strawber-
ry, raspberry), grapes, and certain tropical fruits
Paz and Fredes [30], Panche et al. [29]. Pelargonid-
ine, cyanidin, peonidine, delphinidine, petunidine,
and malvidin are the major anthocyanin’s present
in fruits and grapes. Anthocyanin’s exhibit antiox-
idant, anti-inflammatory, antitumor, anticancer, anti-
bacterial, antimicrobial properties, and have a hepa-
toprotective effect Pesi¢ et al. [31], Rauf et al. [35],
Mattioli et al. [26]. They are also involved in the
management of chronic diseases, particularly cardi-
ovascular diseases, diabetes, and Alzheimer's dis-
ease Cuji¢ et al. [8].

Previous studies by Cevallos-Casals et al.
[7], Mari¢ et al. [24], Jovancevi¢ and Bozovi¢ [15]
have identified several anthocyanin’s in the fruits
of various Prunus species, including cyanidin-3-
glycoside, cyanidin-3-rutinoside, cyanidin-3-
amnoglycoside,  cyanidin-3-gentiobioside,  pe-
onidine-3-glycoside and peonidine-3-rutinoside.

Given the increasing interest in functional
foods and the significance of local varieties, our re-
search aimed to analyse and quantify specific bioac-
tive substances (antioxidants) in the fruits of differ-
ent species and varieties.

MATERIAL AND METHODS

The study was conducted as part of the scien-
tific project titled " Antioxidant activity of fruits
from indigenous varieties and populations of
fruits, vegetables, and grapes'. The laboratory
tests were carried out at the oenological laboratory
located at the Institute of Agriculture in Skopje.
Fruit samples were collected for analysis from vari-
ous indigenous fruit varieties, including 9 varieties
of pomegranate (Zumnarija, Bejnarija, Valandovska
kisela, Valandovska kiselo-slatka, Hidjas, Kisela,
Lifanka, Ropkavec, Karamustafa), 7 varieties of
apple (Ubavocvetka, Shareno blago, Prespanka,
Tetovka, Karapasha, Kozharka, Bela tetovka), 6
varieties of cherry (Ohridska brza, Ohridska rana,
Ohridska crna, Dolga shishka, Dalbazlija,
Ohridska bela), 4 varieties of grapes (Belo zimsko,
Stanushina, Crven valandovski drenok, Crn valand-
ovski drenok), 2 varieties of tomato (Skopski jabu-
char, Volovsko srce), and 3 varieties of pepper
(Vezen blag piper, Vezen lut piper, Kavardjik).
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The content of vitamin C (mg/100g), total
phenols (mg/kg FW), anthocyanin’s (mg/kg FW), fla-
van-3-ols (mg/kg FW), and antioxidant activity of the
fruits (% inhibition) were measured. The vitamin C
content (mg/100g) was determined using the vol-
umetric method, which involved titration of the filtrate
with 2, 6-dichlorophenol indophenol, following
Murray's method. The end point of the titration was
to achieve a faint pink colour. Samples with a higher
degree of red staining were treated with 50 mg of
activated carbon before titration, until complete de-
colourization was achieved.

The content of total phenols, anthocyanin’s,
and flavan-3-ols was determined using a spectro-
photometric method and expressed in mg/kg FW.
The determination was carried out using an Agilent
8453 UV-VIS spectrophotometer. Prior to analysis,
samples were prepared by taking approximately 5 g
of homogenized material and transferring it to a la-
boratory flask. Then, 20 ml of a preprepared extrac-
tion solution (methanol: water: hydrochloric acid in
a ratio of 70:30:0.1) was added to the flask. The mix-
ture was subjected to ultrasonic treatment for 15
minutes followed by 30 minutes of stirring on a
magnetic stirrer. The resulting clarified solution was
transferred to a 25 ml laboratory flask and topped up
to the mark with the same extraction solution. Total
phenols were determined using the Folin-Ciocalteu
method. A blank sample was prepared using distilled
water instead of the tested sample, while the other
reagents remained the same.

The determination of total anthocyanin’s content
was conducted using the Acid ethanol method, with
ethanol chloride solution used as a blank test. The
measurement of anthocyanin’s content was performed
on a spectrophotometer at a wavelength of 550 nm. P-
dimethylaminocinnamaldehyde (p-DMACA) was em-
ployed to quantify the total flavan-3-ols in the tested
samples, with methanol used as a control. The absorb-
ance was measured at a wavelength of 640 nm.

The method for determining antioxidant activ-
ity involved assessing antiradical activity against the
stable product DPPH (2,2-diphenyl-1-picrylhydrazil).
Ascorbic acid was used as a standard to prepare a
series of standard solutions. Spectrophotometric
analysis was performed at a wavelength of 517 nm.
The absorbance of the samples was measured indi-
vidually and from the obtained results, the antioxi-
dant activities were calculated as percentages of in-
hibition.

Correlation analysis was conducted between
the examined parameters using the XL-Stat test
(2014), yielding a coefficient of determination (R?)
and various standard parameters such as maximum
and minimum values, average value and standard de-
viation for each parameter. The results of the exam-
ined parameters were presented as average values
for each species' varieties.

RESULTS AND DISCUSSION

Table 1 presents the results of the analysis
of vitamin C, total phenols, anthocyanin’s, flavan-3-
ols and antioxidant activity in fruits of various fruit
species (pomegranate, apple, cherry), grapes and
vegetables (tomato and pepper).

On average, peppers exhibited the highest vit-
amin C content (51.25 mg/100g). Apples and grape
varieties had the lowest vitamin C content (approxi-
mately 9 mg/100g). According to our findings,
tomatoes and peppers contributed the largest propor-
tion of vitamin C to the total antioxidant activity,
accounting for over 75 %. These fruits were rich in
vitamin C, highlighting the importance of including
them frequently in the diet to obtain this vitamin.
Apples had the lowest contribution of vitamin C to
the total antioxidant activity (15.52 %). A moderate
negative correlation was observed between the con-
tent of vitamin C and flavan-3-ols (Table 3). In
this case, the species with the lowest vitamin C
content (apples and grapes) exhibited the highest
content of flavan-3-ols (517.98 mg/kg FW in ap-
ples and 130.23 mg/kg FW in grapes). Pomegran-
ates also had a high flavan-3-ol content (122.51
mg/kg FW). The data on vitamin C content in ap-
ples align with existing literature Boyer and Liu,
[6], which reports an average vitamin C content of
approximately 5.7 mg/100g in apple fruits, contrib-
uting lessthan 0.4 % to the total antioxidant activity.
Although vitamin C is a potent antioxidant, these
authors suggest that the antioxidant activity of apples
is primarily driven by other antioxidant components,
such as total phenols and flavan-3-ols, given that
apples have the highest content of these substances
compared to other crops. Kurina et al. [18], found
higher vitamin C content in wild tomatoes (26.22
mg/100g) compared to cultivated tomatoes (20.78
mg/100g). George et al. [11] reported an average
vitamin C content in tomatoes ranging from 2.50 to
26.50 mg/100g.
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Table 1. Content of vitamin C, total phenols, anthocyanin’s, flavan-3-ols and the antioxidant activity of fruits
of several fruit species (pomegranate, apple, cherry), grapes and vegetables (tomato and pepper)
Flavan-  Antioxidant % vitamin C
Species Vitamin C  Total phenols  Anthocyanin’s 3-ols activity o(; total anti-
P (mg/100g) (mg/kg FW) (mg/kg FW) (mg/kg (% inhibi- L
. OX. activity
FW) tion)
Pomegranate 23.67 5359.43 323.78 122.51 81.58 29.01
Apple 9.37 4383.06 7.11 517.98 60.37 15.52
Cherry 12.83 1386.25 394.30 69.15 43.36 29.59
Grape 9.00 1037.19 206.96 130.23 40.86 22.03
Tomato 38.25 685.79 63.74 48.04 48.32 79.16
Pepper 51.25 1846.73 46.09 30.73 65.45 78.30
Average 24.06 2449.74 173.66 153.11 56.66 42.46
Table 2. General statistical values for the comparative values of the examined parameters
(vitamin C, total phenols, anthocyanin’s, flavan-3-ols, antioxidant activity)
of fruits (pomegranate, apple, cherry), grapes and vegetables (tomato, pepper
Obs. with  Obs. with- std
Variables Observations missing out miss- Minimum  Maximum Mean devi :
. eviation
data ing data
Vitamin C 6 0 6 9.0000 51.2500 24.0617 17.3754
Total phenols 6 0 6 685.7900  5359.4300 2449.7417 1939.3541
Antocyans 6 0 6 7.1100 3943000 173.6633  160.2637
Flavan-3-ols 6 0 6 30.7260 517.9800  153.1060  183.1157
Antiox. activity 6 0 6 40.8600 81.5800 56.6567 15.5443
% of vit. C
from antiox. 6 0 6 15.5200 79.1600 42.2667 28.7098
activity

Flavan-3-ols in grapes are primarily synthe-
sized in the seeds (60 %) and stalks (20 %), with a
smaller amount found in the fruit skin (approximate-
ly 15 %) Bourzeix et al. [5]. The typical flavan-3-
ols present in grapes include (+) catechin, (-) epicat-
echin, (-) epicatechin-gallate and rarely (-) epicate-
chin-3-O-gallate Pineiro et al. [31]. The highest
content of total phenols was observed in pomegran-
ate (5359.43 mg/kg FW) and apple (4383.06 mg/kg
FW), while tomato exhibited the lowest content
(685.79 mg/kg FW). Pepper also showed a high
content of phenols (1846.73 mg/kg FW). A moder-
ate positive correlation was observed between total
phenols and flavan-3-ols, while a very strong posi-
tive correlation was found between the content of
total phenols and the antioxidant activity of the fruits
(Table 4). Pomegranate, apple and pepper varieties
displayed high levels of total phenols and exhibit-
ed the highest antioxidant activity (81.58 % inhibi-
tion in pomegranate, 65.45 % inhibition in pepper
and 60.37 % inhibition in apple), Pesi¢ et al. [32].

The high content of phenols contributes to
sensory characteristics, enhances wine stability and

exhibits antioxidant activity Landete [20], Alcalde et
al. [1]. Kusti¢ et al. [17] found a presence of 11.47
g/kg™ total phenols in pepper and did not establish a
statistically significant difference in the content of
total phenols between hot and mild pepper popula-
tions. In our studies, cherries and pomegranate dis-
played the highest amount of anthocyanins (394.30
mg/kg FW and 323.78 mg/kg FW, respectively),
while apples exhibited the lowest (7.11mg/kg FW).
Grapes also showed a high content of anthocyanins
(206.96 mg/kg FW).

The accumulation of anthocyanins is primarily
influenced by genetic and external factors such as
light and temperature. Previous studies have reported
a high content of anthocyanins in pomegranate (15-
270 mg/100g) by Cuji¢ et al. [8], Kaur and Kapoor
[16] and Dumlu and Gurkan [9] (2,100-4,400 mg/l).
Apples were found to contain 0-60 mg/100g of an-
thocyanins, sour cherries 2-450 mg/100g Cevallos-
Casals et al. [7] and black grapes 192 mg/100g [16].
According to Honda et al. [13], during the synthesis
of anthocyanins in apple fruits, five genes were ex-
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pressed and the level of expression correlated with
the concentration of anthocyanin’s.

In the fruits of both wild and cultivated varie-
ties, Tesovi¢ et al. [42] identified 17 anthocyanin’s,
including three in apples, four in plums, four in cher-
ries, five in dogwoods, four in raspberries and five
in blueberries. According to Mikuli¢ - Petkovsek
et al. [27], cyanidin-3-glycoside and cyanidin-3-
rutinoside were the most common anthocyanin’s
found in Prunes species. In apple fruit skin, the
main anthocyanin identified by Sun and Francis
[41], was cyanidin-3-galactoside, followed by cya-
nidin-3-arabinoside and cyanidin-7-arabinoside.
Various fruit species [42] contained similar antho-
cyanin’s: apple and dogwood fruits contained cya-
nidin-3-arabinoside, plum and juniper fruits con-
tained cyanidin-3-glycoside and peonidine-3-
rutinoside. Kurina et al. [18] observed a higher an-
thocyanin’s content in wild tomato varieties (125.30
mg/100g) compared to cultivated varieties (45.20
mg/100g). Markovski et al. [25] measured anthocy-
anin’s content in pomegranate varieties ranging
from 58.67 to 298.95 mg/l and phenol content from
1540.58 to 2614.59 mg/l.

Table 2 presents the general statistical val-
ues for the analyzed parameters (vitamin C, total
phenols, anthocyanin’s, flavan-3-ols, antioxidant
activity) of fruits (pomegranate, apple, cherry),
grapes and vegetables (tomato, pepper). Table 3 dis-
plays the correlation dependencies between the ex-
amined parameters. A moderate negative correlation
was found between vitamin C and flavan-3-ols. A
moderate positive correlation was observed between
total phenols and flavan-3-ols. A very strong correla-
tion was found between total phenols and antioxi-
dant activity. In our case (Table 4), the statistical
significance of the correlation between total phenols
and antioxidant activity was determined (p=
0.0395). The highest coefficient of determination
R? (Table 5) was found between the percentage of
antioxidant activity attributed to vitamin C and the
concentration of vitamin C, with approximately 89
% of the variation in the percentage of antioxidant
activity explained by the concentration of vitamin C.
Furthermore, 69 % of the variation in antioxidant ac-
tivity was explained by the variations in the con-
centration of total phenols.

Table 3. Correlation dependencies between the examined parameters
(vitamin C, total phenols, anthocyanin’s, flavan-3-ols, antioxidant activity)

_ o Total Flavan An_tic_>x. % vitamin C
Variables Vitamin C henol Antocyans 3ols activity of total anti-
pheno OX. activity
Vitamin C 1 -0.224 -0.4036 -0.558 0.3286 0.9416
Total phenols -0.224 1 0.0669 0.561 0.8330 -0.4850
Antocyans -0.403 0.066 1 -0.391 -0.0435 -0.4198
Flavan-3-ols -0.558 0.561 -0.3918 1 0.1314 -0.6130
Antiox. activity 0.3286 0.833 -0.0435 0.131 1 0.0305
% of vit. C from g6 -0.485 -0.4198 -0.613 0.0305 1

antiox. activity

Values in bold are different from 0 with a significance level alpha=0.05

Table 4. The statistical significance of the above mentioned correlation between total phenols and the antioxidant activity

. —_ Total Antiox % vitamin C

Variables Vitamin C Antocyans Flavan 3 ols S of total anti-
phenol activity ox. activity

Vitamin C 0 0.6696 0.4275 0.2497 0.5249 0.0050
Total phenols 0.6696 0 0.8998 0.2462 0.0395 0.3296
Antocyans 0.4275 0.8998 0.4424 0.9348 0.4072
Flavan-3-ols 0.2497 0.2462 0.4424 0 0.8041 0.1957
ANtiox. 0.5249 0.0395 0.9348 0.8041 0 0.9543
activity
% of vit. C
from antiox. 0.0050 0.3296 0.4072 0.1957 0.9543 0
activity

Values in bold are different from O with a significance level alpha = 0.05
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Table 5. Percentage of determination R?between the examined parameters
(vitamin C, total phenols, anthocyanin’s, flavan-3-ols, antioxidant activity)

. L Total Antiox % vitamin C
Variables Vitamin C Antocyans Flavan-3-ols S of total anti-
phenol activity L
OX. activity
Vitamin C 1 0.0502 0.1629 0.3115 0.1080 0.8867
Total phenols 0.0502 1 0.0045 0.3153 0.6939 0.2352
Antocyans 0.1629 0.0045 0.1535 0.0019 0.1763
Flavan-3-ols 0.3115 0.3153 0.1535 1 0.0173 0.3757
ANtioX. 0.1080 0.6939 0.0019 0.0173 1 0.0009
activity
% of vit. C
from antiox. 0.8867 0.2352 0.1763 0.3757 0.0009 1
activity

CONCLUSIONS

Based on the analysis results of the chemi-
cal composition of fruits, including autochthonous
varieties and populations of fruit species, grapes and
vegetables, the following observations can be made:
Autochthonous varieties of fruit species exhibited
higher levels of total phenols, anthocyanin’s, flavan-
3-ols and displayed the highest antioxidant activity
compared to autochthonous grape varieties, as well
as tomato and pepper populations.

Among all fruit species, pomegranate showed
the highest content of total phenols and the greatest
fruit antioxidant activity. Apple varieties displayed
the highest levels of flavan-3-ols. Cherries and pom-
egranates contained the highest amounts of anthocy-
anin’s.

Grape varieties also demonstrated high levels
of total phenols, anthocyanin’s, and flavan-3-ols. In
comparison to other fruit species and grapes, toma-
to and pepper fruits exhibited the highest vitamin C
content.

Moreover, in tomato and pepper populations,
vitamin C accounted for the largest proportion of the
total fruit antioxidant activity (over 75 % inhibition).

Pepper populations contained higher amounts of
vitamin C and total phenols and exhibited greater fruit
antioxidant activity compared to tomato populations.

A very strong positive correlation was observed
between the content of total phenols and the fruit anti-
oxidant activity. Furthermore, a moderate positive cor-
relation was found between total phenols and flavan-3-
ols. Conversely, a moderate negative correlation exist-
ed between vitamin C and flavan-3-ols.

REFERENCES

[1] Alcalde-Eon C., Garcia-Estévez 1., Puente V., Ri-
vasv-Gonzalo J. C., Escribano-Bailon M. T. (2014).

[2]

3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

Color stabilization of red wines. A chemical and
colloidal approach. J. Agric.Food Chem. 62.

Bassi M., Lubes G., Bianchi F., Agnolet S., Ciesa
F., Brunner K., Guerra W., Robatscher P., Oberhu-
ber M. (2017). Ascorbic acid content in apple pulp,
peel and monovarietal cloudy juices of 64 different
cultivars. Intern. Journal of Food properties, vol. 20,
3:2626-2634.

Biljana Korunoska (2007). ,,Ampelographic identi-
fication, study and collection of autochthonous va-
rieties of vines in the Republic of Macedonia®.
Doctoral dissertation. Skopje.

Block G., Patterson B., Subar A. (1992). Fruit, veg-
etable and cancer prevention: a review of the epi-
demiological evidence. Nutr. Cancer 18 (1): 1-29.

Bourzeix M., Weyland D., Heredia N., Desfeux N.
(1986). Etude des catechines et des procyanidols de
la grappe de raisin, du vin et d’autres derives de la
vigne. Bull. O.1.V. 59: 1171-1254.

Boyer J., Liu H. R. (2004). Apple phytochemicals
and their health benefits. Nutr J, 35: 1-15.

Cevallos-Casals B. A., Byrne D. H., Cisneros-
Zevallos L., Okie W. R. (2002). Total phenolic and
anthocyanin content in red fleshed peaches and
plums. Acta Horticulturae, 592: 589-592.

Cuji¢ N., Kundakovi¢ T., Savikin K. (2013). Antoci-
jani - hemijska analiza i bioloska aktivnost. Lek.
Sirov, vol. XXXIII, No. 33: 19-37.

Dumlu M. U., Gurkan E. (2007). Elemental and
nutritional analysis of Punica granatum from Turkey.
J. Med. Food, 10 (2): 392-5.

Fernandez-Marin M. I., Mateos R., Garcia-Parrilla
M. C., Puertas B., Cantos-Villar E. (2012). Bioac-
tive Compounds in Wine: Resveratrol, Hydroxyty-
rosol and Melatonin: A Review. Food Chemistry 13:
797-813.

George B., Kaur C. Khurdiya D. S., Kapoor H. C.
(2004). Antioxidants in tomato (Lycopersicon escu-
lentum) as a function of genotype. Food Chemistry,
84: 45-51.

Contributions, Sec. Nat. Math. Biotech. Sci., MASA, 42 (1-2), 45-52 (2021)



Comparative research on antioxidant content in the fruits of select indigenous varieties of fruits, grapes and vegetables 51

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Goldner K., Michaelis S. V., Neumuller M., Treut-
ter D. (2015). Phenolic contents in fruit juices of
plums with different skin colors. Journal of Applied
Botany and Food Quality 88, 322-326.

Honda C., Kotoda N., Wada M., Kondo S., Koba-
yashi S., Soejima J., Zhang Z., Tsuda T., Moriguchi
T. (2002). Anthocyanin biosynthetic genes are
coordinately expressed during red coloration in ap-
ple skin. Plant Physiology and Biochemistry,
40:955-962.

Weanosa B., Jlumoscka B. (2010). Onpenenysame
Ha BKyIHH (1aBaH-3-0JIM BO BHHA o1 MakemoHHja.
Toouwen 360opnux, Yuusepsuter ['ome Jlemue -
T, 3emjonencku paxynrer, 45-57.

Jovandevic M., Bozovi¢ D. (2001). Antocijani
pokozice ploda genotipova dzanarike za podrucja
Bijelog Polja. Privreda i sumarstvo, vol. 47 (3-4):
49-51, Podgorica.

Kaur C., Kapoor H. C. (2005). Antioxidant activity
of some fruits in Indian diet. ISHS Acta Horticul-
turae, 696-699.

Krstic B., Tepic A., Nikoli¢ N., Gvozdenovic D.,
Tomi¢i¢ M. 2013. Chemical variability of inedible
fruit parts in pepper varieties (Capsicum annum L.).
Bulgarian Journal of Agricultural science, 19
(No.3): 490 — 496.

Kurina A. B., Solovieva A. E., Khraphlova I. A,
Artemyeva A. M. (2021). Biochemical composition
of tomato fruits of various colors. Cerexyus
pacmeruu Ha UMMYHUMEM U NPOOYKMUBHOCMb, 25
(5): 514-527.

Lakra A., Trivedi J., Mishra S. (2018). Studies on
biochemical composition of various tomato (Sola-
num lycopersicum L.) genotypes. Intern. Journal of
current microbiology and applied sciences. ISSN:
2319-7706, vol.7, No.2: 977-987.

Landete J. M. (2011). Beneficial and harmful effects
of wine consumption on health: Phenolic com-
pounds, biogenic amines and ochratoxin A. In Nu-
trition and Diet Reserch Progress. Appetite and
Weight Loss, 1% ed.; Tsisana, S., Ed.; Nova Science
Pub Inc.: New York, NY, USA, pp. 173-206.

Latocha P., Krupa T., Wolosiak R., Worobiej E.,
Wilczak J. (2010). Antioxidant activity and chemi-
cal difference in fruit of different Actinidia sp. In-
ternational Journal of Food Sciences and Nutri-
tion., vol. 61, issue 381-394.

Lépez-Roca E., Gomez-Plaza E. (2007). The effects
of enologicalpractices in anthocyanins, phenolic
compounds and wine colour and their dependence
on grape characteristics. J. Food Comp. Anal., 20
(7), 546-552.

Macheix J. J., Fleuriet A., Billot J. (1990). Fruit
phenolics CRC. Press Inc. Boca Raton, FI, USA.

Mari¢ S., Luki¢ M., Radicevi¢ S., Mitrovi¢ M.,
Tesovi¢ Z. (2007). Kvalitativna analiza antocijana u

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

pokozici ploda §ljive. Journal of Pomology, 41,
160: 53-157.

Markovski A., Gjamovski V., Popovska M. (2017).
Investigation of aril characteristics of some autoch-
thonous pomegranate (Punica granatum L.) varie-
ties in Macedonia. Agroknowledge, vol. 18, issue 2,
p. 109-119.

Mattioli R., Francioso A., Mosca L., Silva P.
(2020). Anthocyanins: a Comprehensive Review of
Their Chemical Properties and Health Effects on
Cardiovascular and Neurodegenerative diseases.
Molecules, 25, 3809: 1-42.

Mikuli¢-Petkovsek M., Stampar F., Veberic R,
Sircelj H. (2016). Wild Prunus Fruit Species as a
Rich Source of Bioactive Compounds. J. Food Sci,
81 (8) C1928-37.

Osakabe N. (2013). Flavan-3-ols improve metabolic
syndrome risk factors: evidence and mechanisms. J.
Clin. Biochem. Nutr: 52 (3):186-192.

Panche A. N., Diwan A. D., Chandra S. R. (2016).
Flavonoids: an overview. Journal of Nutritional
Science, vol. 5, e 47: 1-15.

Paz R., Fredes K. (2015). The Encapsulation of
Anthocyanins from Berry-Type Fruits. Trends in
Foods. Molecules, 20, 5875-5888.

Pineiro Z., Guerrero R. F., Fernandez - Marin M. 1.,
Cantos - Villar E., Palma M. (2013). Ultrasound
assisted extraction of stilbenoids from grape stems.
J. Agric. Food Chem., 61.

Pesi¢c V. et al. (2009).. Sustainable Agricultural
Production and Resources Preservation. Interna-
tional Scientific Conference ,,Good practices in sus-
tainable agriculture®, Proceedings, University of
Forestry, Sofia, Bulgaria. Volume 1, pp. 158-166.

Raman G., Avendano E., Chen S., Wang J., Matson
J. Gayer B., Novotny J., Cassidy A. (2019). Dietary
intakes of flavan—3-ols and cardiometabolic healt:
systematic review and meta-analysis of randomized
trials and prospective cohort studies. The Ameri-
can Journal of Clinical Nutrition, vol. 110, issue 5:
1067-1078.

Ratiu I. A., Al-Suod H., Ligor M., Monedeiro F.,
Buszewski B. (2020). Effects of growth conditions
and cultivability on the content of cyclitols in
Medicago sativa. Int. J. Environ. Sci. Technol., 18:
33-48.

Rauf A., Imran M., Abu - Izneid T., Ul - Haq I.,
Patel S., Pan X., Naz S., Silva A. S., Saeed F.,,
Suleria H. A. R. (2019). Proanthocyanidins: A com-
prehensive review. Biomedicine & Pharmacothera-
py, 116.

Ribéreau-Gayon P., Boidron J. N., Terrier A.
(2000). The aroma of Muscat grape variety. J Agric
Food Chem 1975; 23: 1042—7.

Rodriguez-Delgado M. A., Gonzélez-Hernandez G.,
Conde-Gonzalez J. E, Pérez-Trujillo J. P. (2002).

Ipunosu, Ogg. pup. mait. 6uotdex. nayku, MAHY, 42 (1-2), 45-52 (2021)



52

Ana Selamovska et al.

[38]

[39]

[40]

Principal component analysis of the polyphenol
content in young red wines. Food Chemistry 78:
523-532.

CenamoBcka A., Muckocka-Munescka E. (2021).
Osowjemo xpana u aex. Ckorje.

Silva-Beltran N. P., Ruiz—Cruz S., Cira-Chavez L.
A., Estrada-Alvarado M. |., Ornelas-Paz J. J,,
Lopez-Mata M. A., Del-Toro-Sanchez C. L., Aya-
la-Zavala J. F., Marquez-Rios E. (2015). Total phe-
nolic, flavonoid, tomatine and tomatidine contents
and antioxidant and antimicrobial activities of ex-
tract of tomato plant. Intern. Journal of Analytic
Chemistry, ID 284071; 1-10.

Sochor J., Zitka O., Skutkova H., Pavlik D., Babula
P., Krska B., Horna A., Adam V., Provaznik I., Ki-
zek R. (2010). Content of Phenolic Compounds and
Antioxidant Capacity in Fruits of Apricot geno-
types. Molecules, 15, 6285-6305.

[41]

[42]

[43]

[44]

Sun B. H., Francis F. J., (1967). Apple anthocya-
nins: Identification of cyaniding—7-arabinoside.
Journal of Food Science, 32: 647-649.

TeSovié Z., Balijagié¢ J., Petrovié D., Jovanéevié M.
(2012). Anthocyanins in indigenous and cultured
fruit in Polimlje, North - East of Montenegro. Ag-
riculture & Forestry, vol. 58, issue 4: 95-102, Pod-
gorica.

Vauzour D., Rodriguez-Mateos, Corona G., Oruna-
Concha M., Spencer J. P. E. (2010). Polyphenols
and Human Health: Prevention of Disease and
Mechanisms of Action. Nutrients, 2, 1106-1131.

Von Baer D., Rentzsch M., Hitschfeld M. A., Mar-
dones C., Vergara C., Winterhalter P. (2008). Rele-
vance of chromatographic efficiency in varietal au-
thenticity verification of red wines based on their an-
thocyanin profiles: Interference of pyranoanthocya-
nins formed during wine ageing. Anal. Chem. Acta,
621, 52-56.

KOMITAPATUBHO NCTPA’KYBAIBE HA COAP/KUHATA HA AHTUOKCUIAHTUTE
BO IVIOAOBUTE O ABTOXTOHHA COPTH OBOLIJE, I'PO3JE U 3EJIEHYYK

Ana CenamoBcka, Bukrop I'amoBcku, busbana Kopynocka, Munena Tacecka-I'oprujesckn,
Kimme Benecku, lymko HeneakoBcku, Karepuna banno OpemkoBuk,
Po3ze IlosbeBcka-MuiienkoBcka, Bukrop Pajunn

3eMjoercku HHCTUTYT, Y HUBep3ureT ,,CB. Kupun u Meronuj* Bo Ckomje, PC Makenonuja

Bo 0Boj HayueH TpyJ T'M NPE3CHTHPAaBME PE3YJTaTUTE OJ XEMHCKaTa aHajlu3a HallpaBeHa Ha IUJIOJOBHU OJ
aBTOXTOHHM COPTH M NOMYJAIMK OJ MOBeKe OBOIIHU BHUIOBH, MMEHO, LIPELIH, KAJIMHKKA U jaboJika, KaKo U Ha rpo3je u
3eJIeHYyK (HEKOM COpPTH MHIIEPKU M JoMaru). Mel'y aHaIM3upaHUTE NMPUMEPOLH, MOMYIalUTe Ha MUIIEPKa MOKaxaa
HajBUCOKa KOHIEHTpanyja Ha ButamuH L, u Toa 51,25 mg/100 g. CipoTHBHO Ha TOa, HAJHUCKO HUBO Ha BUTaMuH L e
3abernexaHo kaj jabomkara u rposjero, okoury 9 mg/100 g. Kora ke ce 3eme mpeaBua LEJIOKYIHATa aHTHOKCHIAHTHA
aKTUBHOCT, JIOMAaTUTE W MUICPKUATE MUMAaT HajrojeM yien Ha ButamuH LI, co Hag 75 mg/100 g. [lonaTamy, HajrojemMo
KOJIMYECTBO aHTOLMjaHH € MPOHajJeHo Bo npemute, morouHo 394,30 mg/kg FW (FW = cBex npumepok). Coprure
KaJMHKA MMOKa)kaa HajroJieMa COAP)KHHA Ha BKYMHU (eHonu, okony 5359,43 mg/kg FW u co Toa mokaxkaa HajBHCOKa
aHTHOKCHIaHTHA akTUBHOCT (81,58 % umuxubuimja). llIto ce ogHecyBa 10 copTuTe jaboska, THE MOKakaa HajrojeMa
compkuHa Ha (QuaBaH-3-oym, mocturHyBajku 517,98 mg/kg FW. Hamara amanm3a OTKpHM TO3WTHBHA KOpeTaldja
nomery BKYHHHTE ()EHOJIM M aHTHOKCHIATHBHATA aKTUBHOCT, KaKO M INOMery BKYHMHHTE (eHOIH M (iaBaH-3-oluTe.
JononnurenHo, Oeme naeHTH(HUKYBaHa yMEpeHa HeraTHBHA Kopelanyja roMery BuraMmusor 1l n ¢iasan-3-onute.

KiayuHu 300poBH: aBTOXTOHH; OBOIITHY BHUIOBH; TPO3j€; 3€TCHIYK; AaHTHOKCUIAHTH
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