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Abstract 
 

The main physical traits and chemical organic and inorganic composition of seven promising 
F1 plum hybrids and three commercial cultivars (their parents as control cultivars) were investigated 
under western Serbian conditions. Out of the studied materials, the P4 hybrid had the best values for 
fruit mass (57.62±2.11 g), flash ratio (97.13±1.55%), soluble solids (19.20±1.30°Brix), fructose 
(3.05±0.19%) and total sugars content (11.78±0.34%). This hybrid also had the highest content of N 
(0.89±0.02%), K (1.71±0.04%) and Mg (0.26±0.04%). The all plum promising hybrids and control 
cultivars contained high K values. The P4, P2 and P3 hybrids were more suitable for drying than the 
others because of higher soluble solids and total sugar content. The P6, P5, and P1 were considered less 
suitable for canning than the other selections because of lower soluble solids and sugars content. Also, 
P4 was more suitable for fresh consumption because of high organic and mineral content. More of the 
promising newly-breed hybrids have better fruit quality attributes when compared with control 
cultivars. 
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Introduction 
 

In Serbia, plum is one of the most important species of the cultivated fruit trees and its 
production is around 5.87% of the world, being the third largest world producer after China 
and USA [1]. The Serbian plum production is characterized by extensive growing technology, 
low unstable yields, low-quality fruit, PPV-induced problems and a multitude of cultivars. 
Nevertheless, the main problem for Serbian and European plum production was PPV 
infection which caused irrecoverable economic damage for >70 years [2]. For this and other 
purposes, plum breeding and development programmes have been defined and are more or 
less mutually compatible irrespective of the country where they are being conducted. As 
regards the development of new plum cultivars derived from Prunus domestica L., major 
objectives include the following: high yield performance, large blue-skinned and good-quality 
fruits, trees as dwarf as possible, and in particular their resistance to or tolerance of causal 
agents of economically significant diseases, primarily PPV [2, 3]. The creation of cultivars 
through controlled cross pollination is a commonly method used for producing new plum 
cultivars in many countries of Europe and the world. 
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In the research institutions in Serbia, the most frequently used cultivars for controlled 
cross pollination are Čačanska lepotica, Čačanska najbolja and Stanley. These cultivars were 
used as a donors of positive agronomic and fruit quality traits. Namely, Čačanska najbolja is 
excelent donor for tolerance to PPV, robustness and vitality of trees and larger fruit size [4]; 
Čačanska lepotica is a donor for the high content of soluble solids, good fruit taste and other 
fruit quality traits and highest shares [5]. Stanley is a good donor of high yield and biggest 
fruit size [6, 7]. Also, Čačanska lepotica and Čačanska najbolja seemed to possess the best 
compromise between fruit size and other fruit quality traits [4]. As a result of controlled cross 
pollination in the PPV-resistant plum breeding programme at the Faculty of Agronomy in 
Cacak, among Čačanska lepotica, Čačanska najbolja and Stanley in different combinations, 
the seven good plum F1 hybrids were selected.  

The main objective of this study was to investigate the main physical traits and 
organic composition of fresh fruit of seven promising F1 hybrids when compared to their 
parents under western Serbian conditions; however, no available information concerning the 
essential mineral content capacity of above hybrids. 
 
Materials and Methods 
 
Plant material and experimental design 

The trial was carried out near Cacak (43°53′N; 20°21′E, 330 m above sea level), 
Western Serbia,  which is a typical area for plum cultivation in Serbia. The plant material 
included seven promising F1 hybrids (P1, P2, P3, P4, P5, P6, P7), which originated from three 
cross-combinations (Čačanska lepotica × Stanley, Čačanska najbolja × Stanley, Stanley × 
Stanley), and their cross parents (Čačanska lepotica, Čačanska najbolja, Stanley) as a control 
cultivars (Table 1). 

 
Table 1. The F1 plum hybrids and control cultivars used and their genetic origin 

F1 hybrids and control cultivars Genetic origin 
Hybrid 1 (P1) Čačanska lepotica × Stanley 
Hybrid 2 (P2) Čačanska najbolja × Stanley 
Hybrid 3 (P3) Stanley × Stanley 
Hybrid 4 (P4) Čačanska lepotica × Stanley 
Hybrid 5 (P5) Čačanska lepotica × Stanley 
Hybrid 6 (P6) Stanley × Stanley 
Hybrid 7 (P7) Čačanska lepotica × Stanley 
Čačanska lepotica® Wangeheims Frühzwetsche × Požegača 
Čačanska najbolja® Wangeheims Frühzwetsche × Požegača 
Stanley Agen × Grand Duke 
 

Above F1 hybrids were selected from the population of about 1,700 hybrid seedlings 
during 1995-1996. Selected hybrids and control cultivars were budded onto Myrobalan 
rootstock in middle August 1999. The orchard trial of plant material was established in 2000 
in an experimental orchard in a randomized block design with five trees in four replications 
for each F1 hybrid and/or control cultivar. Fruits of F1 hybrids and control cultivars were 
collected during 2005-2007. The fruits were harvested when they reached to color maturity. 
The harvest of plums was made in July and August (data not shown). 
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Twenty fruits were hand-picked from all sides of each tree which were five to seven 
years old for each F1 hybrid and/or control cultivar. The samples were immediately 
transported to the laboratory and stored at 0-4 °C. 

 
Fruit physical analysis 

For each promising hybrid and control cultivar, ten fruits in three replications were 
selected for measurements of physical traits. Mean fruit (FM) and stone mass (SM) were 
determined by weighing. The fruits were cut in half, and the stones were removed and 
weighed on technical scale (Tehnica ET-1111, Iskra, Slovenia) with a sensitivity of 0.01, and 
are expressed in g. Flesh rate (FRa) was calculated as the ratio of the mass of the edible 
portion of the fruit to the total fruit mass (%). 
 
Fruit chemical analysis 

Extraction and determination of soluble solids, pH and titratable acidity. All 
analyses were done on the edible portion of plum fruit. Ten fruits from one tree were used for 
measurements, peeled and weighed. The flesh was placed into a juicer and the juice extracted, 
collected and weighed. Soluble solids content (SS) (ºBrix) of two to three drops of the 
extracted juice were measured by a Milwaukee MR 200 (ATC, Rocky Mounth, USA) hand 
refractometer at a 22ºC. The pH measurements were made using a digital pH meter (Cyber 
Scan 510, Nijkerk, Netherlands) calibrated with pH 4 and 7 buffers. Titratable acidity (TA), 
as malic acid (%), was determined by titration to pH 8.1 with N/10 NaOH. Data are given as 
% malic acid, since this is the dominant organic acid in plum. On the basis of the measured 
data, the SS/TA ratio or ripening index (RI) was calculated. 

Extraction and determination of sugars and titratable acidity. For each newly-breed 
hybrid and control cultivar, ten plums were randomly selected among twenty fruits for 
measurements of sugars by HPLC. Fruit samples were analyzed for the contents of individual 
sugars (glucose, fructose, and sucrose). Samples were homogenized with a manual blender 
(Braun). Ten grams of mashed fruit were extracted with 50 ml of twice-distilled water for 30 
min at room temperature. The extracted sample was centrifuged at 12,000 g for 7 min at 10 
°C (Eppendorf centrifuge 5810 R, Hamburg Germany). The supernatant was filtered through 
a 0.45 µm cellulose ester filter (Macherey-Nagel), transferred into a vial and used for 
analyses. 

An HPLC analysis of sugars was performed using a Thermo separation products 
(Waters Corporation, USA) HPLC refractive index detector. Separation of sugars was carried 
out using a Rezex RCM-monosaccharide column (300 × 7.8 mm) and the column temperature 
was maintained at 65ºC. Sugars were analyzed isocratically according to the method of Šturm 
et al. [8] with a Rezex RCM column (300 × 7.8 mm, Phenomenex) at 80 °C using an RI 
detector. Data are given as % of fresh weight for each individual sugar [glucose (GL), 
fructose (FR), sucrose (SU)]. Total sugar (TS) content was calculated as sum of each 
individual sugar. TS/TA results or index of sweetness (IS) are also determined. 

Determination of mineral content. The fruit samples were washed with distilled 
water, dried and ground in a mill. The samples of the ground fruits were digested in 
concentrated nitric and perchloric acid (4:1-HNO3:HClO4) and analyzed for N, P, K, Ca, Mg, 
Na and Fe content. Total N was determined by Kjeldahl analysis (Gerhardt Vapodest); P was 
analyzed spectrophotometrically by the phospho-vanadate colorimetric method (Hewlett 
Packard 8452A, UK); K and Na were determined by flame photometry (Flapho 4, Carl Zeiss, 
Jena); and Ca, Mg and Fe by atomic absorption spectroscopy (Pye Unicam SP 191, UK). 
Boron was determined colorimetrically using kinalizarin on colorimeter (MK 6/6, Carl Zeiss, 
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Jena). The data are given as percentage (N, P, K, Ca, Mg, Na) and mg kg-1 (Fe) of dry matter. 
All analyses were done twice. 

 
Data analysis 

Statistical analysis was conducted with the program MSTAT-C (Michigan State 
University, East Lansing, MI, USA). One way analysis of variance (ANOVA) was used for 
analysis of the effect of F1 genotype and/or control cultivar on the fruit and stone weight, flesh 
ratio, content of soluble solids, sugars, titratable acidity, their ratios and mineral content. 
Differences between means were estimated with the LSD test (P ≤ 0.05), provided the F test 
was significant. 
 
Results and Discussion 
 
Evaluation of fruit physical traits 

Fruit size is a major quantitative factor determining yield, fruit quality and consumer 
acceptability [9]. The FM and SM varied greatly (Table 2). Two F1 hybrids (P1 and P4) have a 
higher FM than control cultivars, whereas SM in all hybrids was significantly smaller than 
their parents. In general, it resulted in higher FRa. The lower FRa was found in Stanley and 
the higher in P1. Previous studies on plum also reported a high variability among plum 
cultivars regarding these parameters [6, 10]. 

 
Table 2. Fruit and stone mass and flesh/stone ratio of F1 hybrids and control cultivars 

F1 hybrids and 
control cultivars 

Fruit mass 
(g) 

Stone mass 
(g) 

Flesh/stone ratio 
(%) 

P1 47.59±0.89 b 1.37±0.05 gf 96.59±1.23 c 
P2 31.44±1.14 e 1.45±0.07 e 95.76±1.13 f 
P3 44.89±1.85 bc 1.65±0.08 d 96.53±1.22 d 
P4 57.62±2.11 a 1.45±0.10 e 97.13±1.55 a 
P5 25.31±1.27 g 1.33±0.05 g 95.78±1.20 e 
P6 45.18±1.80 bc 1.33±0.05 g 96.93±1.31 b 
P7 29.11±0.67 ef 1.20±0.05 h 95.57±1.32 h 
Čačanska lepotica® 37.63±1.36 d 1.69±0.04 c 95.51±1.45 i 
Čačanska najbolja® 44.65±1.38 c 1.93±0.07 b 95.68±1.19 g 
Stanley 41.07±1.19 d 2.01±0.02 a 95.10±1.71 j 

The same letters in column indicate non-significant differences between mean by LSD test at P ≤ 0.05 
 

Čačanska lepotica seemed to induce large fruits in its offspring, although the two other 
progenitors, involved in crosses with this cultivar, also showed large fruits in different cross 
combinations, as previously described [7]. In contrast, P2 (Čačanska najbolja × Stanley) 
showed the lowest FM among the some hybrids, which is oppositely to the results described 
by some authors. Blažek and Vávra [4] found that Čačanska najbolja were excellent donors 
for large fruit size. 
 
Evaluation of fruit organic composition 

Results presented in Table 3 show the existence of significant variations among F1 
hybrids and control cultivars for SS, TA and RI. The higher SS values observed in P4, P2 and 
P3, which is reflected in its high drying quality [11, 12]. Namely, the pedigree of these 
genotypes included Čačanska lepotica and Čačanska najbolja, which is characterized by an 
excellent fruit quality [4]. The lower SS had P6 and P5. Also, P4, P2 and P3 hybrids showed 
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higher SS than control cultivars. On the other hand, P5 and P6 had significantly lower SS than 
Čačanska lepotica and Stanley (Table 3). Blazek and Vávra [4] also stated that SS was the 
highest in progenies of Čačanská lepotica, Zimmers Frühzwetsche and Common Prune while 
Daza et al. [13] stated that SS depend on the cultivars, which confirmed our results. In 
addition, many authors performed a detailed monitoring of fruits related to nutritional 
composition and consumer acceptance. Most studies focus on a more limited number of 
parameters, and it would be of importance to identify those of major importance for quality. 
In our study, SS values were significantly lower than SS contents reported by Scott et al. [14]. 
Their values were 20.8-24.1%. Robertson et al. [15] found that the threshold values of SS for 
acceptable quality was 12.5% for plums. 

 
Table 3. Soluble solids content, titratable acidity, SS/TA ratio (ripening index - RI) and pH of the F1 
hybrids and control cultivars 

F1 hybrids and 
control cultivars 

Soluble solids 
(°Brix) 

Titratable acidity
(%) 

SS/TA ratio 
(RI) pH 

P1 17.15±1.19 de 1.26±0.02 d 13.61±1.04 e 3.36±0.03 a 
P2 18.75±1.24 a 1.37±0.03 a 13.69±1.16 e 3.51±0.04 a 
P3 18.62±1.32 ab 1.31±0.03 c 14.21±1.18 de 3.62±0.07 a 
P4 19.20±1.30 a 1.25±0.02 e 15.36±1.19 c 3.59±0.05 a 
P5 16.80±1.18 e 1.22±0.02 f 13.77±1.09 e 3.39±0.04 a 
P6 16.85±1.18 e 1.16±0.02 h 14.52±1.31 cde 3.65±0.06 a 
P7 18.00±1.27 bc 1.04±0.01 i 17.31±1.24 b 3.42±0.05 a 
Čačanska lepotica® 17.75±0.45 cd 1.18±0.02 g 15.04±1.22 cd 3.35±0.04 a 
Čačanska najbolja® 17.00±1.19 e 0.88±0.06 j 19.31±1.33 a 3.45±0.06 a 
Stanley 17.95±1.34 c 1.32±0.03 b 13.60±1.01 e 3.66±0.04 a 

The same letters in column indicate non-significant differences between mean by LSD test at P ≤ 0.05 
 

Significantly differences observed among hybrids and control cultivars for TA (Table 
3). All hybrids and control cultivars, except Čačanska najbolja, have the TA higher than 
1.00% f.w. The TA of stone fruits generally was expressed as malic acid, and played a 
significant role in consumer acceptance. Plums within this SS content range combined with 
low TA (≤0.60%) were disliked by 18% of consumers, while plums with TA ≥1.00% were 
disliked by 60% of consumers [9]. Our results are in good agreement with the values reported 
by Nergiz and Yıldız [10]. The fruit maturity stage at the harvest date is the principal factor 
affecting fruit acidity and also the SS content. 

There were significant differences among F1 hybrids and control cultivars concerning 
the RI (SS/TA ratio), except Stanley, P1, P2 and P5 (Table 3). The RI in European plums 
should be between 12 and 24 [15]. Results obtained in this study are in accordance with the 
values above. The relationship between SS and TA has an important role in consumer 
acceptance of some apricot, peach, nectarine and plum cultivars. The sugar-acid ratio is 
commonly used as a quality index [15]. Crisosto et al. [9] stated that in the case of plum 
cultivars with TA >0.90% and SSC <12.0%, consumer acceptance was controlled by the 
interaction between TA and SS rather than SS content alone. Therefore, a single generic RSSC 
quality index would not be reliable with regard to assuring consumer satisfaction across all 
cultivars [16]. Regarding pH, significantly differences among F1 hybrids and their parents were 
not observed (Table 3), which is in agreement with earlier study in plum [10, 17]. 

The GL, FR, SU, TS contents and IS of the F1 hybrids and control cultivars are given 
in Table 4. No significant differences among hybrids and control cultivars for GL and SU. In 
contrast, Meredith et al. [18] reported that significant differences were found among plum 
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genotypes for SU content. This may be due to the differences in genotypes and geographical 
factors [10]. 

 
Table 4. Glucose, fructose, sucrose and total sugar contents and total sugar/titratable acidity ratio 
(index of sweetness - IS) of F1 hybrids and control cultivars 

F1 hybrids and 
control cultivars 

Glucose 
(%) 

Fructose 
(%) 

Sucrose 
(%) 

Total sugar 
(%) 

TS/TA ratio 
(IS) 

P1 3.99±0.12 a 2.72±0.13 ef 3.81±0.07 a 10.52±0.23 d 8.35±0.66 i 
P2 4.36±0.23 a 2.98±0.16 b 4.17±0.05 a 11.51±0.41 ab 8.40±0.57 h 
P3 4.33±0.21 a 2.95±0.15 c 4.13±0.04 a 11.41±0.38 b 8.71±0.89 f 
P4 4.46±0.34 a 3.05±0.19 a 4.27±0.05 a 11.78±0.34 a 9.42±1.01 c 
P5 3.91±0.19 a 2.67±0.12 g 3.73±0.06 a 10.31±0.19 d 8.45±0.43 g 
P6 3.92±0.41 a 2.67±0.14 g 3.74±0.04 a 10.33±0.18 d 8.90±0.54 e 
P7 4.19±0.39 a 2.85±0.13 d 4.00±0.07 a 11.04±0.25 c 10.61±0.73 b 
Čačanska lepotica® 4.34±0.20 a 2.73±0.08 e 3.89±0.08 a 10.96±0.30 c 9.29±0.21 d 
Čačanska najbolja® 3.94±0.08 a 2.71±0.11 f 3.72±0.04 a 10.38±0.12 d 11.79±0.70 a 
Stanley 4.17±0.61 a 2.85±0.10 d 3.99±0.05 a 11.01±0.28 c 8.34±0.49 j 

The same letters in column indicate non-significant differences between mean by LSD test at P ≤ 0.05 
 
On the other hand, P1 had the highest FR and TS [19]. Significant differences were 

registered among hybrids for IS (TS/TA ratio). The IS of the control cultivars ranged between 
8.34±0.49 units and 11.79±0.70 units. Forni et al. [20] reported that IS, for good quality 
plums, should be between 12 and 24. In our work the highest IS obtained was 11.79±0.70 
units for Čačanska najbolja and 10.61±0.73 units for P7 (Čačanska lepotica × Stanley), and the 
others had ratios lower than 10 units. This may be due to the differences in hybrids and/or 
cultivars, their maturity stage, pedo-climatic factors and orchard management [21]. Some 
authors reported that various organic acids and their relative contents differ in the level they 
affect of sugars [22]. 

 
Evaluation of fruit mineral content 

In general, fruit flesh mineral contents significantly affected by the hybrids and control 
cultivars (Table 5). 

The results indicated that N in the fruits varied from 0.36±0.00 to 0.89±0.02%, P from 
0.04±0.00 to 0.09±0.01%, K from 1.42±0.02 to 1.71±0.04%, Ca from 0.05±0.01 to 
0.09±0.01%, Mg from 0.15±0.02 to 0.26±0.04% and Na between 0.41±0.02 and 0.49±0.04%. 
The Fe ranged from 19.25±1.43 to 24.56±2.43 mg kg-1, as previously obtained [23]. 

Plum N, K and Mg content was significantly higher (0.89±0.02, 1.71±0.04 and 
0.26±0.04%, respectively) in P4, than in other hybrids and control cultivars. In the case of P 
content, P6 had the statistically higher value (0.09±0.01%) when compared with other hybrids 
and control cultivars. Regardless of Na content, a significantly higher value was shown by P7 
(0.49±0.04%) compared to other hybrids and control cultivars. Also, ANOVA showed that P7 
hybrid had significantly higher Fe content then other, except P4, Stanley and P5 because those 
differences among them were not significant at P ≤ 0.05 (Table 5). However, a comparison of 
the mineral content of the F1 hybrids and control cultivars with other literature values 
indicates that the major differences are in the amounts of some elements. Vitanova et al. [24] 
reported that P in plums varied from 0.11 to 0.15%. In general, our findings in all plum F1 
hybrids and control cultivars were higher for P than the reported values by Vitanova et al. 
[24]. This may be due to differences in cultivars and to environmental factors. All plum 
hybrids and control cultivars contained high K. This result is in accordance with the values 
reported by Nergiz and Yıldız [10]. 
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Table 5. Fruit flesh mineral composition of F1 hybrids and control cultivars 

F1 hybrids 
and control 
cultivars 

Nitrogen 
(%) 

Phosphorus 
(%) 

Potassium 
(%) 

Calcium 
(%) 

Magnesium 
(%) 

Sodium 
(%) 

Iron 
(mg kg-1) 

P1 0.50±0.01 e 0.05±0.00 e 1.70±0.04 b 0.08±0.01 b 0.20±0.02 e 0.48±0.04 b 20.11±1.36 cd 
P2 0.36±0.00 g 0.07±0.00 c 1.62±0.03 e 0.07±0.01 c 0.18±0.02 g 0.46±0.03 d 21.49±1.69 bcd 
P3 0.49±0.01 f 0.06±0.00 d 1.60±0.03 f 0.05±0.01 e 0.23±0.03 b 0.45±0.03 e 19.97±1.09 cd 
P4 0.89±0.02 a 0.06±0.00 d 1.71±0.04 a 0.06±0.01 d 0.26±0.04 a 0.47±0.04 c 23.65±1.78 ab 
P5 0.66±0.01 c 0.08±0.01 b 1.49±0.04 h 0.08±0.01 b 0.22±0.02 c 0.43±0.02 f 22.43±1.67 abc 
P6 0.56±0.01 d 0.09±0.01 a 1.63±0.03 d 0.06±0.00 d 0.21±0.02 d 0.46±0.03 d 21.20 ±2.02 bcd 
P7 0.51±0.01 e 0.04±0.00 f 1.66±0.03 c 0.07±0.01 c 0.19±0.03 f 0.49±0.04 a 24.56±2.43 a 
ČL 0.80±0.02 b 0.05±0.00 e 1.50±0.02 g 0.08±0.01 b 0.19±0.02 f 0.43±0.04 f 19.25±1.43 d 
ČN 0.77±0.01 b 0.08±0.01 b 1.48±0.02 i 0.07±0.01 c 0.15±0.02 h 0.42±0.02 g 19.50±1.76 cd 
ST 0.79±0.02 b 0.07±0.01 c 1.42±0.02 j 0.09±0.01 a 0.22±0.03 c 0.41±0.02 h 23.39±1.91 ab 

Abbreviations: ČL: Čačanska lepotica; ČN: Čačanska najbolja; ST: Stanley 
Different letters in same column show statistically significant differences between mean at P ≤ 0.05 by LSD test 

 
However, a difference was found in Na content. Katıyar et al. [25] stated that the 

average fruit Na content of P. domestica L. is 20 and 200 mg kg-1 respectively. In the study of 
Nergiz and Yıldız [10], Na content varied from 84.21 to 260.81 mg kg-1. As seen in Table 5 
the Na content of all plum F1 hybrids and control cultivars were found to be higher when 
compared with results obtained by Katıyar [25] and Nergiz and Yıldız [10]. This may be due 
to the characteristics of the cultivars, environmental factors and orchard management [21]. 
Iron contents of the F1 genotypes and their parents were in a good agreement of the results on 
Katıyar [25], who reported that domestic plums contained 4-360 mg kg-1 Fe, respectively. In 
contrast, in the study of Nergiz and Yıldız [10], Fe content varied from 1.15 to 9.43 mg kg-1 
among cultivars. This may be due to differences in the cultivars and geographical factors, as 
previously described [23]. 

 
Conclusions 
 

The present study demonstrated a fruit physical and chemical performance of seven 
plum hybrids from controlled cross pollination in the PPV-resistant plum breeding 
programme at Cacak. These data suggest that P4 hybrid had the best values for fruit mass, 
flash ratio, soluble solids, fructose, total sugars, N, K and Mg content. The all promising 
hybrids and control cultivars contained high K values. The P2, P3 and P4 hybrids were more 
suitable for drying than the others because of higher soluble solids and total sugar content. 
The P6, P5, and P1 were considered less suitable for canning than the other selections because 
of lower soluble solids and sugars content. Also, P4 was more suitable for fresh consumption 
because of high organic and mineral content. More of the promising newly-breed hybrids 
have better fruit quality attributes when compared with control cultivars. 
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