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ABSTRACT
Introduction: Oxidative stress caused by an excess of reactive 
oxygen species (ROS) is the main reason behind many civiliza-
tion diseases. The fruits and leaves of Prunus domestica L. con-
tain antioxidants such as vitamins, polyphenols (including fla-
vonoids) and organic acids. 
The aim of the study was to evaluate the antioxidant activity 
and total polyphenol content of extracts of leaves and fruits of 
the plum harvested in 2 ripening phases.
Materials and methods: Antioxidative activity was measured 
by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) – ABTS methods, and total 
polyphenol content by Folin–Ciocalteu technique. Extracts in 
40%, 70% and 96% (v/v) of ethanol as well as 99.8% (v/v) metha-
nol were used. Ultrasound-assisted extraction was applied for 
15, 30 and 60 min.

Results: The antioxidant potential of the extracts, measured by 
DPPH method, was highest for leaf methanolic extracts of plum 
harvested before ripening (3.83 ±0.01 mg trolox/g of raw mate-
rial), while for the ABTS method, highest activity was found in 
the fruit peel extract in methanol (12.89 ±0.04 mg trolox/g raw 
material). The highest polyphenol levels (5.89 ±0.16, 6.06 ±0.09 and  
5.76 ±0.13 mg gallic acid/g raw material) were found in the extracts 
of leaves harvested at fruit ripening stage, prepared in 70% (30 
and 60 min) ethanol and 40% ethanol (60 min), respectively.
Conclusion: The alcohol based extracts from the leaves and 
fruit of Prunus domestica L. were characterized by high anti-
oxidant potential, which suggests the possibility of their use as 
a valuable source of antioxidants. Ethanol seems to be the most 
appropriate extractant. 
Keywords: alcohol based extracts; antioxidant activity; Prunus 
domestica L.; ripening stage; total polyphenol content.

INTRODUCTION

Over the last few years there has been growing interest in 
healthy lifestyles, such as properly balanced diets with high 
antioxidant contents as well as supplements contained natu-
ral antioxidants [1, 2, 3]. It is suggested that more than half 
of the adult population living in highly developed countries 
consume such preparations. This may be partly due to the 
fact that a main cause of deaths in high-income countries are 
so-called civilization diseases with oxidative stress [4]. This 
phenomenon is associated with an excessive amount of free 
radicals from both endogenous and exogenous sources, leading 
to damage of important bodily structures, i.e. proteins, lipids 
or nucleic acids, and as a consequence, to the development of 
neurodegenerative diseases, i.e. Alzheimer’s and Parkinson’s 
disease, as well as initiating neoplastic process [5]. In addition, 
oxidative stress increases the risk of metabolic diseases such 
as diabetes. It may lead to damage in many organs and struc-
tures such as the lungs, kidneys, brain, eyes, joints and heart, 
resulting in asthma, chronic bronchitis, cataracts, heart fail-
ure, depression, rheumatism or atherosclerosis development. 
On one hand foetuses can be exposed to oxidative stress, and 
on the other hand it may accelerate aging [6].

Proper diets, rich in vegetables and fruits, can reduce the 
incidence of chronic diseases related to oxidative stress [7]. One 
fruit rich in phytoconstituents with antioxidant activity is the 
plum. Prunus domestica L. (subfamily Prunoidae) often grows 
in countries with a temperate climatic, such as Europe. It is 
assumed that about half of the crop yield is consumed as fresh 
fruit [3], while the remaining part is processed [8]. Plums are 
frequently used in the production of alcohol beverages (such as 
slivovitz), frozen food, jams, marmalades, compotes, marinades, 
and dried fruit. The largest world producer of plums is China, 
and in Europe – Romania, France, Spain and Italy. In Poland 
the plum is grown only in several regions due to the specific 
climatic conditions required [9]. Plums are a source of health 
benefiting nutrients and compounds, are rich in organic acids 
(e.g. malic and citric acid), carbohydrates, pectins, tannins, as 
well as enzymes. They are also a valuable source of several 
phenolic compounds considered to be natural antioxidants. 
Plums are characterized by a higher antioxidant activity than 
other commonly consumed fruits, such as apples, strawber-
ries and oranges, as well as vitamin C, a potent antioxidant [8]. 
Plum seeds are rich in oils with a high content of unsaturated 
fatty acids, phytosterols and tocopherols [10]. Also, the leaves 
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seem to be a valuable source of antioxidants [11]. The health-
promoting potential of Prunus domestica L. has been the subject 
of numerous studies, and due to the above-mentioned proper-
ties this fruit is widely consumed.

The aim of the study was to evaluate the antioxidant activity 
and total polyphenol content of aqueous-alcohol based extracts 
of plum leaves and fruit from 2 ripening stages.

MATERIALS AND METHODS 

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylb-
enzothiazoline-6-sulfonic acid) – ABTS, (±)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox) were sup-
plied by Sigma Aldrich, USA; gallic acid (GA), Folin–Ciocalteu 
reagent by Merck, Darmstadt, Germany; anhydrous sodium 
carbonate by Loba Chemie, India; and ethyl and methyl alco-
hols by Chempur, Piekary Śląskie, Poland. All reagents were 
of analytical grade purity.

The raw material from self-harvesting in Szczecin (53°26’29” N,  
14°30’54” E) consisted of leaves, fruit and peel of Mirabelle 
plums (Prunus domestica L.) harvested in 2 growing periods 

– June, before the fruit ripening stage, and September, during 
fruit ripening. Ultrasound-assisted extraction (at 40 kHz) was 
applied for 15, 30 and 60 min to obtain extracts with 40% (v/v), 
70% (v/v) and 96% (v/v) ethanol and 99.8% (v/v) methanol.

Antioxidant potential was evaluated using DPPH and ABTS 
methods, while total polyphenol content was determined by 
Folin–Ciocalteu method, as described in literature [7, 12, 13, 
14]. For the DPPH and ABTS methods (±)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (trolox) was used as 
a reference. The results were expressed as a trolox equivalent 
antioxidant capacity – TEAC (mg trolox/g raw material) as well 
as radical scavenging activity – RSA (%). For total polyphenol 

determination, GA was used as a reference and the results 
expressed as gallic acid equivalents – GAE (mg GA/g raw mate-
rial). Results are presented as arithmetical means ±standard 
deviation (SD).

Statistical analysis of the results was done with ANOVA at the 
significance p = 0.05. The significance of differences between 
particular results was assessed using a Tukey test (n = 3). Mean 
values marked by different letters differed significantly tak-
ing into account all solvents applied. Statistical calculations 
were done using Statistica 12 PL software (StatSoft, Polska).

RESULTS 

Tables 1, 2, 3 show the antioxidant activity and total polyphenol 
content of the various extracts made from plum leaves, fruit 
and peel, in the 2 respective growing stages. Figures 1a and 1b 
present the RSA. Statistical differences between the extract 
solvent used and length of of extraction time were evaluated. 

Antioxidant activity evaluated by DPPH method is pre-
sented in Table 1. The antioxidant potential of the extracts 
varied from 0.73 ±0.01 TEAC (mg trolox/g raw material) for 
plum fruit harvested before ripening and extracted in 40% 
ethanol for 30 min, to 3.83 ±0.01 TEAC for plum leaves har-
vested before ripening and extracted in methanol for 15 min. 
The antioxidant activity determined by DPPH method of the 
extracts of plum leaves was high. For the 1st season, the high-
est value was found for methanolic extracts (3.83 ±0.01 TEAC) 
and at the 2nd harvesting stage for extracts prepared in 96% 
ethanol for 60 min (3.82 ±0.02 TEAC). Antioxidant potential 
of ripe fruit, evaluated using DPPH method, was significantly 
higher as compared to unripe fruit, the highest results for this 
plant part was found for extracts prepared in 70% ethanol for 
60 min – 3.60 ±0.01 TEAC – Table 1.

TABLE   1. Antioxidant properties of plum leaf, fruit and peel extracts evaluated using DPPH, expressed as trolox equivalent antioxidant capacity (mg trolox/g 
raw material; mean ±standard deviation)

Extraction solvent Extraction time
Early fruit ripening Fruit maturity

leaf fruit leaf fruit peel

Ethanol 96%

15 3.49 ±0.01 bc 0.93 ±0.02 abc 3.08 ±0.01 bc 2.57 ±0.02 fg 1.70 ±0.02 e

30 3.71 ±0.03 ab 0.98 ±0.012 abc 3.17 ±0.00 bc 2.44 ±0.01 g 2.10 ±0.02 d

60 3.79 ±0.00 a 1.03 ±0.02 abc 3.82 ±0.02 a 3.40 ±0.02 cd 1.68 ±0.03 e

Ethanol 70%

15 2.85 ±0.01 d 1.13 ±0.01 ab 1.70 ±0.03 e 2.69 ±0.01 f 2.67 ±0.03 bc

30 3.70 ±0.03 ab 1.03 ±0.02 abc 3.07 ±0.01 bc 3.14 ±0.02 e 2.79 ±0.03 bc

60 3.76 ±0.01 a 1.23 ±0.04 a 3.25 ±0.01 bc 3.60 ±0.01 ab 2.40 ±0.07 cd

Ethanol 40%

15 2.19 ±0.01 e 1.04 ±0.02 abc 1.19 ±0.03 f 2.50 ±0.00 fg 1.70 ±0.02 e

30 3.30 ±0.00 c 0.73 ±0.01 c 2.93 ±0.01 cd 2.56 ±0.01 fg 2.10 ±0.04 d

60 3.80 ±0.00 a 0.75 ±0.01 c 3.19 ±0.02 c 3.48 ±0.00 bc 1.68 ±0.01 e

Methanol

15 3.83 ±0.01 a 0.87 ±0.02 bc 2.75 ±0.02 d 3.39 ±0.02 cd 3.03 ±0.02 ab

30 2.85 ±0.01 d 1.06 ±0.02 ab 2.74 ±0.02 d 3.19 ±0.01 e 3.18 ±0.02 a

60 3.70 ±0.01 ab 1.18 ±0.01 a 3.49 ±0.02 b 3.75 ±0.01 a 2.32 ±0.02 cd

Mean values marked by different letters differed significantly considering the extraction solvent. Significance level α = 0.05; n = 3
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Table 2 presents the antioxidant activity of plum extracts 
evaluated by ABTS. The results ranged from 0.17 ±0.02 TEAC 
(mg trolox/g raw material) for unripe fruit extracted for  
15 min in 40% (v/v) ethanol, to 12.89 ±0.04 TEAC for fruit 
peel extracted for 60 min in methanol. Antioxidant potential 
evaluated by ABTS method was highest for peel extracts in 
methanol, regardless of extraction time, at 12.62 ±0.03, 12.74 
±0.03 and 12.89 ±0.04 TEAC for 15, 30 and 60 min of extrac-
tion, respectively.

Similar high results were found for plum peel extracts in 
other extractants. Extracts of plum leaves harvested before 
fruit ripening also showed high antioxidant activity, especially 
those extracted for 60 min (8.44 ±0.02 TEAC). As in the case 
of the DPPH method, the mature fruit extracts showed a sig-
nificantly higher antioxidant activity – Table 2.

Table 3 presents the total polyphenol content in various extracts. 
Results ranged between 0.47 ±0.09 GAE (mg GA/g raw material) 
for unripe plum fruit extracted for 15 min in 40% ethanol, to 6.06 
±0.09 GAE for plum leaves harvested at fruit maturing season, 
extracted for 60 min in 70% ethanol. The highest values were 
for plum leaf extracts harvested in maturity prepared in 70% 
ethanol (30 and 60 min) and 40% ethanol (60 min) – 5.89 ±0.16, 
6.06 ±0.09 and 5.76 ±0.13 GAE, respectively. For peel extracts, the 
highest polyphenol content was found for extracts in 96% ethanol 
(extraction time 60 min) – 4.38 ±0.16 GAE and in methanol (30 and 
60 min) – 4.36 ±0.18 and 4.21 ±0.16 GAE, respectively. The lowest 
values for plum fruit were found in both immature and mature, 
regardless of the extraction time, while the highest content was 
found in unripe plum fruit extracted in methanol, which differed 
significantly from the other samples – Table 3.

TABLE   2. Antioxidant properties of plum leaf, fruit and peel extracts evaluated using ABTS, expressed as trolox equivalent antioxidant capacity (mg trolox/g 
raw material; mean ±standard deviation)

Extraction solvent Extraction time
Early fruit ripening Fruit maturity

leaf fruit leaf fruit peel

Ethanol 96%

15 4.26 ±0.05 e 1.30 ±0.01 c 3.33 ±0.03 c 4.22 ±0.03 abc 9.54 ±0.01 bc

30 5.64 ±0.03 d 2.27 ±0.05 b 3.36 ±0.04 c 4.81 ±0.03 ab 10.03 ±0.02 b

60 6.81 ±0.01 c 3.46 ±0.04 a 4.02 ±0.04 b 5.04 ±0.03 a 10.21 ±0.03 b

Ethanol 70%

15 4.16 ±0.04 0.24 ±0.01 d 1.87 ±0.03 d 3.77 ±0.03 abc 8.59 ±0.03 cd

30 4.53 ±0.02 e 0.46 ±0.04 d 2.40 ±0.05 d 4.27 ±0.01 abc 8.80 ±0.03 cd

60 5.60 ±0.03 d 2.55 ±0.03 b 3.24 ±0.03 c 4.57 ±0.01 abc 9.18 ±0.02 bc

Ethanol 40%

15 3.54 ±0.04 f 0.17 ±0.02 d 0.70 ±0.05 e 3.24 ±0.06 d 7.25 ±0.05 f

30 4.21 ±0.05 e 1.18 ±0.04 c 1.01 ±0.05 e 3.42 ±0.05 cd 7.57 ±0.02 de

60 5.26 ±0.03 d 2.30 ±0.01 b 3.20 ±0.03 c 3.35 ±0.04 cd 7.77 ±0.03 de

Methanol

15 7.57 ±0.04 b 1.49 ±0.04 c 5.94 ±0.05 a 4.37 ±0.04 abc 12.62 ±0.03 a

30 7.72 ±0.04 b 2.25 ±0.05 b 6.03 ±0.03 a 4.30 ±0.04 abc 12.74 ±0.03 a

60 8.44 ±0.02 a 3.70 ±0.04 a 6.23 ±0.02 a 4.51 ±0.04 abc 12.89 ±0.04 a

Mean values marked by different letters differed significantly considering the extraction solvent. Significance level α = 0.05; n = 3

TABLE   3. Total polyphenol content of plum leaf, fruit and peel extracts evaluated using Folin–Ciocalteu method, expressed as gallic acid equivalents (mg gallic 
acid/g raw material; mean ±standard deviation)

Extraction solvent Extraction time
Early fruit ripening Fruit maturity

leaf fruit leaf fruit peel

Ethanol 96%

15 2.55 ±0.13 f 0.78 ±0.09 def 3.69 ±0.12 f 0.99 ±0.12 de 3.15 ±0.15 e

30 3.15 ±0.07 d 0.90 ±0.07 de 4.21 ±0.12 de 1.03 ±0.14 cde 3.70 ±0.07 cd

60 4.60 ±0.06 b 1.05 ±0.11 d 4.38 ±0.05 d 1.48 ±0.12 b 4.38 ±0.16 a

Ethanol 70%

15 1.15 ±0.07 g 0.55 ±0.06 fg 3.71 ±0.07 f 0.87 ±0.08 def 3.12 ±0.01 e

30 2.90 ±0.12 de 0.63 ±0.15 efg 5.89 ±0.16 ab 1.11 ±0.05 cd 3.50 ±0.04 d

60 4.17 ±0.04 c 1.00 ±0.09 d 6.06 ±0.09 a 1.45 ±0.07 b 3.82 ±0.07 cd

Ethanol 40%

15 2.85 ±0.09 e 0.47 ±0.09 g 4.79 ±0.09 c 0.67 ±0.12 f 1.40 ±0.13 f

30 4.23 ±0.12 c 0.55 ±0.11 fg 5.57 ±0.20 b 0.80 ±0.09 ef 1.45 ±0.012 f

60 5.37 ±0.07 a 0.81 ±0.08 de 5.76 ±0.13 ab 0.92 ±0.14 def 1.39 ±0.13 f

Methanol

15 4.83 ±0.15 b 2.32 ±0.06 c 3.70 ±0.07 f 1.30 ±0.05 bc 3.88 ±0.06 bc

30 4.89 ±0.14 b 2.74 ±0.12 b 3.91 ±0.08 ef 1.54 ±0.07 ab 4.36 ±0.18 a

60 5.65 ±0.15 a 3.31 ±0.13 a 4.12 ±0.12 de 1.79 ±0.07 a 4.21 ±0.16 ab

Mean values marked by different letters differed significantly considering the extraction solvent. Significance level α = 0.05; n = 3
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Figures 1a and 1b shows the percentage of free RSA of plum 
fruit and leaf extracts, determined by DPPH method, harvested 
in each of the growing seasons. The ripe plum fruit extracts 
showed a higher %RSA. For all the solvents applied, the high-
est RSA was observed for the longest extraction time (60 min): 
79.5 ±0.5% RSA (ethanol 40%), 81.9 ±2.1% RSA (ethanol 70%), 
77.7 ±2.2% RSA (ethanol 96%) and 85.0 ±1.1% RSA (methanol). 
In the case of the leaf extracts, the %RSA was higher for the 
samples harvested before fruit ripening, however, high values 
exceeding 80% RSA were usually observed in extracts with 
longer extraction times (Fig. 1 a, b).

In our study, high antioxidant activity as well as high total 
polyphenol content in extracts of different Prunus domestica L.  
parts have been confirmed, depending on the type of raw mate-
rial, the solvent used and the extraction time. In the case of 
DPPH method, the highest value of 3.83 ±0.01 TEAC was found 
for extracts of leaf harvested at early ripening stage after  
15 min extraction in methanol. This value corresponded to a free 
radicals scavenging activity of 85.8 ±0.9% RSA. Similar results 
were obtained by Morabbi Najafabad and Jamei who compared 
fresh and dried plum fruit growing in Iran. They used undi-
luted methanol and ethanol as extraction solvents and found 
antioxidant potentials of 49% RSA and 62% RSA for ethanol 
and methanol based extracts, respectively. For the dried plum 
extracts in the same solvents the activity was higher – about 
79% and 87% RSA, respectively [17]. In our study, only fresh 
fruits were used, which resulted in lower antioxidant activ-
ity. The drying process can have a significant impact on this 
parameter as even drying at 80–90°C can increase the antioxi-
dant effect of the raw material in terms of dry weight [18, 19, 20].

Phenolic compounds are considered one of the most valuable 
antioxidants in the human diet. They neutralize free radicals 
and could reduce the development of many diseases [21]. Plum 
raw materials, such as fruit or leaves, are a rich source of anti-
oxidant substances [15]. Total polyphenol content in different 
plum varieties ranged between 282 mg/100 g and 922 mg/100 g  
fruit [17]. Anthocyanins, responsible for fruit pigmentation, 
are also valuable antioxidants [22].

In our study, the total polyphenol content depended on the 
individual part of the plant. The highest concentration was usually 
found in the leaf extracts. In the case of leaves harvested at late 
ripening, polyphenol content was highest in the extracts in 70% 
ethanol (30 min) – 6.06 ±0.09 GAE (Tab. 3). Mocan et al. analyzed 
the total polyphenol content in the leaves of 7 pear cultivars using 
a water:methanol solution (30:70) as a solvent. The concentra-
tion ranged from 82.8 mg GA/g extract for the Carpatin variety, 
to 139.7 mg GA/g extract for the Ialomiţa variety. These results 
corresponded to antioxidant activity measured by DPPH and 
ABTS: for the Carpatin variety 1.83 mmol trolox/g extract by the 
DPPH method, 394.42 mg trolox/g extract by the ABTS method, 
and for the Ialomiţa variety, 3.42 mmol trolox/g extract by DPPH 
and 481.60 mg trolox/g extract by ABTS [21]. Moreover, Singh et 
al. found the total polyphenol content in 2 species of plum fruits 
growing in Himalayan region of India, i.e. P. domestica and P. pyri-
folia, of 145.56 and 159.86 μg GA/mL, respectively [23]. 

The fruit composition may differ, depending on such factors as 
the natural environment, growing conditions, as well as the fruit 
maturity stage [24]. Differences in the active substance content 
as well as antioxidant potential can be also observed between the 
plants part. In our study, plum fruit peel and leaves were the most 
valuable raw materials from the whole fruit. The high content of 
valuable substances in the fruit peel was confirmed by Navarro 
et al., who observed a higher total polyphenol content in the peel 
than in the pulp of plums growing in Costa Rica [25]. In the study 
by Walkowiak-Tomczak , the anthocyanin content in the skin of 
the plum fruit significantly exceeded the content in the fruit pulp. 
These substances are considered valuable antioxidants [19]. In 

FIGURE   1. Mean radical scavenging activity of Prunus domestica L. extracts 
of plum fruit and leaf harvested at early fruit ripening (a) and fruit maturity 
(b), evaluated by DPPH method 

DISCUSSION

Plum fruit is a valuable material containing a number of 
health beneficial compounds used primarily in the food 
industry, where both fresh and dried fruits could be applied. 
Plum fruit is rich in nutritionally valuable compounds, i.e. 
polyphenols, minerals, pectins and vitamins. Other parts of 
Prunus domestica L., for example the leaves, are also useful 
materials with high antioxidant activity due to the content 
of active substances such as polyphenols, such as flavonoids. 
A few reports have been published on the possibility of using 
raw materials derived from this plant, not just in the food 
industry but also in the cosmetic industry [15]. The high 
antioxidant activity should also be taken into account in 
preparations applied to the skin, as this tissue can be also 
exposed to oxidative stress caused, for example, by exces-
sive UV radiation [16].

a)

b)
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our study, fruit harvested at a mature stage showed higher anti-
oxidant activity compared to unripe fruit. It may suggest that 
deeply coloured fruit is a rich source of polyphenols, including 
flavonoids [17], therefore fully mature fruit with a dark skin may 
show high antioxidant activity [26].

During the growing seasons, the chemical composition of 
the plants changed, and this phenomenon is reflected in their 
antioxidant activity [22, 27, 28]. Taking into account the antioxi-
dant potential of the leaves, the antioxidant activity was higher 
in the 1st growing stage (Fig. 1b). This observation was con-
firmed by Stierlin et al. They evaluated the antioxidant activ-
ity of some content in the leaves of young trees before fruiting 
(6–7-years-old) with leaves of fruiting trees (over 7-years-old). 
The antioxidant activity measured by DPPH method was slightly 
higher in the leaves from young trees [15]. On the other hand, 
Wang and Lin observed reduced antioxidant activity and lower 
polyphenol content in the leaves of red raspberries (Rubus 
idaeus), black raspberries (Rubus occidentalis), and strawber-
ries (Fragaria × ananassa) with plant aging [29].

CONCLUSION 

Prunus domestica L. fruits are a valuable material with high 
antioxidant properties which may play a significant role in daily 
health protection. Ethanol seems to be the most appropriate 
extractant. Proper material selection taking into account the 
plant growth stage as well as extraction conditions may be 
helpful in obtaining intermediate products with higher anti-
oxidant potential to be used in the pharmaceutical and cos-
metic industries. 
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