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During two consecutive years we investigated the influence of two traditional quince rootstocks and three commer-
cial pear cultivars on the phenolic compounds content and the antioxidant capacity in whole fruit. Results showed 
that the impact of rootstocks was lesser than the impact of cultivars. Quince BA.29 showed the higher vitamin C 
content, total antioxidant capacity, condensed tannins and gallotannins, whereas quince MA induced better values 
of inhibitory activity against lipid peroxidation and metal chelating activity. 'Abbé Fétel' on both rootstocks was the 
cultivar with the highest vitamin C and total anthocyanin content (TAc), total phenolic (TPC) and total flavonoids 
contens (TFC), total antioxidant capacity (TAC), condensed tannins and gallotannins in comparison with 'Starking 
Delicious' and 'Beurré Bosc'. Values of DPPH scavenging activity, inhibitory activity against lipid peroxidation, me-
tal chelating activity and hydroxyl radical scavenging activity were statistically similar and higher in both ‘Starking 
Delicious’ and ‘Beurré Bosc’ in relation to ‘Abbé Fétel’, i. e. they had a lower antioxidant capacity than 'Abbé Fétel'.
Keywords: anthocyanins, bioactive compounds, DPPH scavenging activity, fruit, Pyrus communis L., vitamin C

Einfluss von Unterlage und Sorte auf Phenolgehalte und antioxidative Kapazität von Birnen. In zwei aufein-
anderfolgenden Jahren wurde der Einfluss von zwei traditionellen Quittenunterlagen und drei kommerziellen Bir-
nensorten auf den Gehalt an Phenolverbindungen und die antioxidative Kapazität in ganzen Früchten untersucht. 
Die Ergebnisse zeigten, dass der Einfluss von Unterlagen geringer war als der von Sorten. Quitte BA.29 zeigte einen 
höheren Vitamin C-Gehalt, eine höhere antioxidative Gesamtkapazität, kondensierte Tannine und Gallotannine, 
während Quitte MA bessere Werte der Hemmaktivität gegen Lipidperoxidation und Metallchelatisierungsaktivität 
bewirkte. 'Abbé Fétel' auf beiden Unterlagen war die Sorte mit dem höchsten Gehalt an Vitamin C und Gesamt-An-
thocyanin (TAc), Gesamtphenol (TPC) und Gesamtflavonoiden (TFC), Gesamtantioxidationskapazität (TAC), 
kondensierten Tanninen und Gallotanninen im Vergleich zu 'Starking Delicious' und 'Beurré Bosc'. Die Werte der 
DPPH-Fängerwirkung, der Hemmaktivität gegen Lipidperoxidation, der Metallchelatisierungsaktivität und der Hy-
droxylradikalfängeraktivität waren statistisch ähnlich und höher sowohl bei 'Starking Delicious' als auch bei 'Beurré 
Bosc' im Vergleich mit 'Abbé Fétel', d. h., diese Sorten hatten eine geringere antioxidative Kapazität als 'Abbé Fétel'.
Schlagwörter: Anthocyane, bioaktive Verbindungen, DPPH-Fängeraktivität, Früchte, Pyrus communis L., Vitamin C
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The trees of pears (Pyrus communis L.) are grown world-
wide in temperate zones and also in cooler climate with 
a total world production of around 23.7 x 106 t (FA-
OSTAT, 2020), and stand next to apples as the most 
frequently consumed fruit and the economically most 
important tree fruit. Pear fruit is very popular due to its 
sweetness, crispness, characteristic fragrance, and subtle 
aroma (Chen et al., 2007). From this point of view, ea-
ting quality like aroma, flavour and texture are the most 
important traits that guide the consumer preferences 
for fruits. Beside fruit chemical composition, consumer 
acceptance highly depends on the physical and senso-
ry attributes such as color, fruit size and shape, length/
diameter ratio, flesh firmness, etc (Kappel et al., 1995; 
Kader, 1999). On this line, fruit quality is defined as the 
conjunction of physical and chemical properties which 
give good appearance and acceptability to the consu-
mable product (Kramer and Twigg, 1966), and it is a 
human concept, which includes sensory properties, nu-
tritional values, chemical compounds, mechanical and 
functional traits (Abbott, 1999). Pear fruits available 
on the world market belong either to P. communis L. and 
P. pyrifolia Nakai or hybrid groups of these two species 
thus, the European and West Asian pears are relished for 
their buttery, juicy, fine texture and flavor, whereas East 
and North Asian pears for their crisp and sweet taste 
(Ahmed et al., 2011).
Pear fruit are consumed fresh when fully matured,  
however, they are also suitable for processing industry 
in diverse groups of products such as syrup, fresh juice, 
canned and alcoholic beverages, jellies, jams, purées for 
use in nectars, yogurts, etc. (Chen et al., 2007; Bar-
roca et al., 2011; Wurm et al., 2011). The drying of 
pear fruit is a very ancient practice for food preservation, 
particularly for fruit of small dimension.
Many researchers reported that pear fruit is a rich sour-
ce of carbohydrates, sugars such as fructose, sorbitol, 
sucrose, and, in lower levels, glucose and dietary fibre, 
but has low contents of lipids, proteins, organic acids, 
etc. (Chen et al., 2007). For example, their fibre can be 
seen as a potential food additive (Barroca et al., 2011).
Recently, various studies have suggested that diets rich 
in fruits and vegetables can help in the prevention of 
diseases such as certain types of cancer, heart attack, 
various types of inflammation, allergic and other chro-
nic diseases (Salta et al., 2010). Namely, beside their 
richness in above phytochemicals, which had high nu-

tritional values, pear fruit also possess other substances 
such as minerals, vitamins and antioxidants as well as 
bioactive substances that are important sources of he-
alth-beneficial compounds. In general, the content of 
phenolic compounds in pears is positively correlated 
with their antioxidant capacity (Ahmed et al., 2011; 
Dadashpour et al., 2012; Liaudanskas et al., 2017). 
It is also well established that health benefits are, in part, 
attributed to the antioxidant capacity derived from the 
phenolic compounds present in edible fruit species such 
as pear (Galvis-Sanchéz et al., 2003). These authors 
also reported that there is a great interest in determining 
relevant dietary sources of antioxidant phenolics. In ad-
dition, pear fruit show a significant antimicrobial activity 
(Barroca et al., 2011).
As known the primary factor which influences fruit qua-
lity is the cultivar per se (genotype) (Galvis-Sanchéz 
et al., 2003; Salta et al., 2010). Additionally, other 
factors such as maturity stage, position and exposition 
of fruit in the canopy, cultivation practice and environ-
mental conditions play a vital role in the formation of 
final fruit quality (Tomás-Barberán and Espín, 2001; 
Arzani et al., 2008). Until now, these impacts have 
been more studied in pear cultivars than in rootstocks 
(Galvis-Sanchéz et al., 2003; Salta et al., 2010) and 
little is known about the effect of rootstocks on bioactive 
composition in general.
For these purposes, the major objective of this study 
was to test the effect of dwarf quince rootstocks on con-
tents of bioactive compounds and antioxidant activity of 
'Abbé Fétel', 'Starking Delicious' and 'Beurré Bosc', pear 
cultivars with important market potential when grown 
under western Serbian conditions. We hypothesized 
that a more detailed knowledge of the variability of these 
compounds of the cultivars on different rootstocks will 
be of benefit in the future selection of pear genotypes 
with improved consumer acceptance, nutritional quality 
and health potential. These results can also be supplied 
as new information for growers, breeders, consumers, 
nutritionists and other public.

MATERIALS AND METHODS

PLANT MATERIAL AND EXPERIMENTAL  
LAYOUT

'Starking Delicious', 'Abbé Fétel' and 'Beurré Bosc' pear 
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cultivars grafted on quinces MA and BA.29, respecti-
vely, were used as plant material in 2012 and 2013. Fruit 
of 'Starking Delicious' and 'Beurré Bosc' have yello-
wish-green ground skin color, and also 'Abbé Fétel', but 
with a blush on the side exposed to the sun. The orchard 
was established in 2008 (end of October) with 3.3 m x 
1.2 m spacing (2,525 trees/ha) at a private orchard in 
Prislonica village (latitude 43º53' N, longitude 20º21' 
E, altitude 305 m) near Čačak city (Western Serbia). 
Treatments were distributed using the randomized 
complete block design with six trees for each rootstock/
cultivar combination in four replicates (n = 24). Trees 
were trained as slender spindle and grown under com-
mon cultural practices (pruning, fertilization, pest and 
disease protection, weed control), except irrigation.

SOIL AND WEATHER CONDITIONS

The orchard had a clay-loam soil texture with 1.62 % or-
ganic matter and low soil pH (4.86) in 0 to 30 cm soil 
depth. Contents of total N, available P2O5 and K2O, 
CaO and MgO are 0.16 %, 178 µg/g, 220 µg/g, 0.39 % 
and 6.2 µg/g on dry matter basis, respectively.
Weather data during the experimental period were cha-
racterized by the average annual temperature of 11.3 ºC 
and total annual rainfall of 690.2 mm. The average air 
temperature during the vegetative cycle was 17.0 ºC. 
During the experiment, no frost was registered. Howe-
ver, data presented in Table 1 show that in the period 
April to October in 2012 to 2013, mean monthly air 
temperatures were considerably higher than the long-
term average, whereas rainfall had lower values in gene-
ral, especially in July and August.

PREPARATION OF SAMPLES FOR ANALYSIS

Fruit for analysis were harvested at commercial ma-
turity stage in both years ('Starking Delicious' at 
September, 2nd,  and August, 24th, 'Abbé Fétel' at Sep-
tember, 23rd, and September, 17th, and 'Beurré Bosc' 
at September, 21st, and September, 14th, in 2012 and 
2013, respectively) on both rootstocks. They were 
analysed at full maturity, i. e. approximately at 25 to 
30 days after harvest. Full maturity was determined on 
the basis of color characteristics of each cultivar accor-
ding to local procedure.
Ten randomly selected fruit in four replicates (n = 40) 
were taken for determination of amounts of bioactive 
compounds, antioxidant capacity and scavenging ac-
tivities. Samples and sub-samples of whole fruit (peel 
and flesh) were prepared for chemical analyses accor-
ding to laboratory procedures proposed by AOAC 
(2000).
Spectrophotometric measurements for TPC, TFC, 
TAC, as well as for TAc, condensed tannins and gal-
lotannins and all other assays were performed on a 
UV-vis MA9523-SPEKOL 211 spectrometer (Iskra, 
Horjul, Slovenia). All measurements were made in tri-
plicates. Results were presented as mean ± SE.

CHEMICALS

All chemicals and reagents were of analytical grade 
and were purchased from Sigma Chemical Co. (St 
Louis, USA), Aldrich Chemical Co. (Steinheim, Ger-
many) and Alfa Aesar (Karlsruhe, Germany).

Table 1: Average monthly and yearly values of temperature (°C) and precipitation (mm) for the 
period of 1965 to 2010 and two studied years 

Period Air temperature (C) Precipitation (mm) 

Apr May Jun Jul Aug Sep Mean Apr May Jun Jul Aug Sep Mean 

2012 12.6 15.9 22.3 25.5 24.5 21.0 20.3 70.3 106.8 11.8 45.1 0.0 7.8 241.8 

2013 13.3 18.2 20.3 22.3 24.1 16.7 19.1 41.7 118.3 96.0 23.6 22.9 29.1 331.6 

Normal 11.5 16.8 20.0 21.5 21.2 16.7 17.9 33.3 59.3 86.1 75.5 50.0 42.7 346.9 
Normal refers to the long-term average (45-year average, i. e. 1965 to 2010 period). 
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DETERMINATION OF VITAMIN C AND TOTAL 
ANTHOCYANIN CONTENT

The vitamin C content was determined by titration with 
Tillman's solution (0.02 % 2,6 dichloro-indophenol), as 
standardized by Arya et al. (2000). Results were expres-
sed as of fresh weight (mg/100 g FW).
Total anthocyanins content (TAc) in pear fruit was 
determined according to the method by Giusti and 
Wrolstad (1996) based on the pH-differential me-
thod previously described by Fuleki and Francis 
(1968). TAc was expressed as mg of cyanidin-3-gluco-
side equivalents per g of dry weight (mg C3GE/g DW).

DETERMINATION OF TOTAL PHENOLIC AND 
FLAVONOID CONTENT AND TOTAL  
ANTIOXIDANT CAPACITY

Total phenolics content (TPC) was determined spec-
trophotometrically by the Folin-Ciocalteu method 
(Singleton et al., 1999). The TPC was expressed as 
mg of gallic acid equivalents per g of DW (mg GAE/g 
DW).
Total flavonoids content (TFC) was determined ac-
cording to the method described by Brighente et al 
(2007). The TFC was determined as mg of rutin equiva-
lent (RUE) per g of dry weight (mg RUE/g DW).
Total antioxidant capacity (TAC) of the methanol ext-
racts was evaluated by the phosphor-molybdenum me-
thod (Prieto et al., 1999). Ascorbic acid (AA) was used 
as standard and the TAC was expressed as μg of AA per g 
of DW (μg AA/g DW).

DETERMINATION OF CONDENSED TANNINS 
AND GALLOTANNINS

The method for determination of condensed tannins 
relies on the precipitation of proanthocyanidins with 
formaldehyde (Verrmeris and Nicholson, 2006). 
The content of condensed tannins was calculated as re-
siduum of the total phenolic and unprecipitated phenol 
content, and expressed as mg GAE/g DW.
Gallotannins are hydrosoluble tannins containing a 
gallic acid residue esterified to a polyol. Gallotannins 
can be detected quantitatively by the potassium iodate 
assay. This assay is based on the reaction of potassium 
iodate (KIO3) with galloyl esters (Verrmeris and Ni-
cholson, 2006), which will form a red intermediate 

and ultimately a yellow compound. Gallotannin content 
was determined using gallic acid as standard and expres-
sed as mg GAE/g DW.

DETERMINATION OF DPPH FREE RADICAL 
SCAVENGING ACTIVITY

The relative antioxidant capacity was determined using 
the 1,1-diphenyl-2-picrylhydrazyl (DPPH) in accordan-
ce with the method described by Takao et al. (1994) 
and slightly modified by Kumarasamy et al. (2007). 
DPPH free radical scavenging activity (%) was calcula-
ted using the following equation

                                %inhibition=

where Ac is the absorbance of the DPPH solution and 
As is the absorbance of the sample.
The IC50 value, defined as the concentration of the test 
material that leads to a 50 % reduction in the free radical 
concentration, was calculated as µg/ml through a sig-
moidal dose-response curve.

DETERMINATION OF INHIBITORY ACTIVITY 
AGAINST LIPID PEROXIDATION

Antioxidant activity was determined by the thiocyana-
te method (Hsu et al., 2008). Ascorbic acid, gallic acid, 
α-tocopherol and BHT (butylhydroxytoluene) were 
used as reference compounds. To eliminate the solvent 
effect, the control sample, which contained the same 
amount of solvent added to the linoleic acid emulsion 
in the test sample and reference compound, was used. 
Inhibition percentage of linoleic acid peroxidation was 
calculated using the formula for DPPH determination.

DETERMINATION OF HYDROXYL RADICAL 
SCAVENGING ACTIVITY

The ability of extracts to inhibit non site-specific hy-
droxyl radical-mediated peroxidation was carried out 
according to the method described by Hinneburg et 
al. (2006). The percentage inhibition values were cal-
culated from the absorbance of the control (Ac) and of 
the sample (As), where the controls contained all the 
reaction reagents except the extract or positive control 
substance.

100Ac-As
Ac

.
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DATA ANALYSIS

Since the differences of means between years were not 
significant, and the interaction effects of rootstocks, cul-
tivars and years were also not significant, the differences 
between the rootstocks and between the cultivars were 
separately tested with the help of ANOVA. Post hoc 
tests for each variable were made using LSD compari-
sons. Significant differences for all statistical tests were 
evaluated at the level of P ≤ 0.05. All data analyses were 
conducted with the Excel software (Microsoft Corp., 
Redmond, USA).

RESULTS AND DISCUSSION

VITAMIN C AND TOTAL ANTHOCYANIN 
CONTENTS

Vitamin C is a very important quality parameter because 
it acts as antioxidant and helps in maintaining good he-
alth. Fruits providing ample quality of this vitamin are 
always considered good for human health.
In the present study, vitamin C contents significantly 
varied between rootstocks and between cultivars (Tab-
le 2). Regarding rootstocks, there was an about 1.1-fold 
higher vitamin C content in fruit of cultivars grafted on 
BA.29 than on MA. This finding is consistent with re-
sults in our earlier work with apple (Milošević et al., 
2019a) in which certain rootstocks significantly impro-
ved the content of this compound.
Between cultivars, 'Abbé Fétel' on both BA.29 and MA 
rootstocks showed statistically higher amounts of vi-
tamin C in comparison with the other two cultivars. 
Fruit of 'Starking Delicious' and 'Beurré Bosc' on MA 
had similar vitamin C contents, whereas on BA.29 'Be-
urré Bosc' had a higher amount of this compound than 
'Starking Delicious'. Diversity among pears in vitamin C 
content was previously described by other researchers 
(Chen et al., 2007; Ozturk et al., 2009; Ahmed et al., 
2011). Beside by cultivar, vitamin C can be influenced 
by various factors such as pre-harvest climatic factors, 
temperature levels during maturation and storage, soil 
quality, tree age and geographical region (Lee and Ka-

der, 2002; Planchon et al., 2004). Generally, vitamin 
C content in pears in our study was small and in the ran-
ge previously described in literature. Thus, Galvis-San-
chéz et al. (2003) reported that the ranges of this com-
pound were from 116 to 228 mg/kg in the peel and from 
28 to 53 mg/kg in the flesh (Galvis-Sanchéz et al., 
2003), whereas Ozturk et al. (2009) and Hussain et 
al. (2013) reported values between 3.30 to 4.70 mg/100 
g and 2.80 to 4.30 mg/100 g, respectively.
It has been long known that anthocyanins are respon-
sible for most of the red, blue and purple colors of fruit, 
vegetables, flowers and other plant tissues or products 
(Milošević et al., 2019a). In the present study, there 
were no significant differences between rootstocks re-
garding the total anthocyanin content in pears (Table 
2). Similarly to vitamin C amount, this compound si-
gnificantly varied between cultivars, being the highest 
in 'Abbé Fétel', intermediate in 'Beurré Bosc', and the 
lowest in 'Starking Delicious'. Several authors reported 
that peel contained much higher anthocyanin content as 
compared to flesh (Galvis-Sanchéz et al., 2003). Also, 
in their study more colored pear fruit contained higher 
vitamin C contents when compared with lesser colored 
fruit. In our study, we analyzed whole fruit (peel and 
flesh), and these results were expected because 'Abbé 
Fétel' has yellow skin ground color with a moderate 
amount of blush, 'Beurré Bosc' has yellowish-green skin 
ground color with a high amount of brown russets, and 
'Starking Delicious' has yellow ground color without a 
blush. The selection of red-skinned pears is a breeding 
goal of many programs (Zhang et al., 1997) due to 
their better contents of anthocyanins. Hence, cultivars 
rich in anthocyanins also contain high amounts of total 
phenolics since anthocyanins represent a large share of 
them (Milošević et al., 2019b). Other authors also re-
ported that anthocyanin content and its composition va-
ries widely with genotype (Dadashpour et al., 2012).
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these compounds between cultivars were also detected, 
indicating that the cultivar per se (genotype) played an 
important role in the content of bioactive compounds 
which is in agreement with results of other researchers 
(Amiot et al., 1995; Ma et al., 2012; Wurm et al., 2011; 
Rezaeirad et al., 2013). In the present study, whole 
fruit of 'Abbé Fétel' on both rootstocks contained hig-
her TPC and TFC in comparison with 'Beurré Bosc' 
and 'Starking Delicious' with no significant differences 
between them. TAC was the highest in 'Abbé Fétel', in-
termediate in 'Beurré Bosc' and the lowest in 'Starking 

PHENOLICS CONTENT AND TOTAL  
ANTIOXIDANT CAPACITY

Polyphenols are known to have strong antioxidant acti-
vities. As shown in Table 3, MA and BA.29 rootstocks 
were not different regarding TPC and TFC in pear 
fruit. BA.29 rootstocks induced significantly higher 
values in respect to TAC and significantly higher con-
tents of condensed tannins and gallotannins in fruit as 
compared to MA rootstock. These results are similar 
to these obtained by Remorini et al. (2008) who re-
ported that some rootstocks for peach produced fruit 
having the highest TAC, probably due to its low-vigor 
characteristics. Significant differences in the content of 

Table 2: Vitamin C and total anthocyanin contents of three pear cultivars grafted on 
quinces MA and BA.29 

Rootstock Cultivar Vitamin C 
(mg/100 g FW) 

Total anthocyanin content 
(mg C3GE/g DW). 

 Starking Delicious 3.34  0.07 b 33.49  0.77 c 

Abbé Fétel 4.17  0.15 a 42.43  0.62 a 

Beurré Bosc 3.35  0.19 b 39.33  0.40 b 

Mean 3.62  0.14 B 38.42  0.60 A 

Quince BA.29 Starking Delicious 3.32  0.14 c 33.45  0.78 c 

Abbé Fétel 4.35  0.11 a 43.36  0.19 a 

Beurré Bosc 4.04  0.08 b 38.31  0.72 b 

Mean 3.90  0.11 A 38.37  0.56 A 

Values followed by the same small letter in a column were not statistically different at P  0.05 by LSD test. 

Values followed by the same capital letter in a column were not statistically different at P  0.05 by LSD test. 

Quince MA
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Table 3: Phenolic compounds of three pear cultivars grafted on quinces MA and BA.29 
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Quince MA Starking 
Delicious 

78.71  0.40 b 29.64  0.70 b 76.45  0.83 c 65.13  0.65 c 31.74  0.70 b 

 Abbé Fétel 101.49  0.51 a 40.54  0.87 a 105.97  0.39 a 78.28  0.38 a 43.14  0.89 a 

 Beurré Bosc 79.57  0.57 b 33.89  1.20 b 79.61  0.94 b 70.91  0.62 b 34.58  0.56 b 

       

Mean  86.59  0.49 A 34.69  0.92 A 87.34  0.72 B 71.44  0.55 B 36.49  0.72 B 

       

Quince 
BA.29 

Starking 
Delicious 

79.45  0.59 b 31.49  1.13 b 77.46  0.72 c 68.47  0.76 b 33.46  1.20 c 

 Abbé Fétel 103.23  1.10 a 41.35  0.57 a 107.48  0.76 a 79.42  0.46 a 45.77  0.71 a 

 Beurré Bosc 80.36  0.31 b 34.45  0.78 b 82.75  0.62 b 71.63  0.91 b 37.33  0.34 b 

       

Mean  87.68  0.67 A 35.76  0.83 A 89.23  0.70 A 73.17  0.71 A 38.85  0.75 A 

Values followed by the same small letter in a column were not statistically different at P  0.05 by LSD test. 
Values followed by the same capital letter in a column were not statistically different at P  0.05 by LSD test. 
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Delicious'. More authors also reported wider varia-
tions of secondary metabolite levels between cultivars 
(Amiot et al., 1995; Salta et al., 2010; Hussain et 
al., 2013) and these quantitative differences are mainly 
due to the flavonol glycosides, as well as the high levels 
of chlorogenic acid, syringic acid, epicatechin, luteolin 
and quercetin in the peel (Colaric et al., 2006; Fu 
et al., 2011; Ma et al., 2012; Rezaeirad et al., 2013). 
Comparison of the TFC and TAC obtained here with 
those of other studies (Manzoor et al., 2013; Hus-
sain et al., 2013) suggests similar results although dif-
ferences in the units reported and spectrophotometric 
standards employed make a direct comparison diffi-
cult. However, previous work, carried out by Ma et al. 
(2012), reported much higher TPC values than those 
obtained in our study. The differences between our re-
sults and those of Ma et al. (2012) could be explained 
by differences of the group of cultivars studied and en-
vironmental conditions.
Condensed tannins (proanthocyanidins) and gallo-
tannins (ellagitannins) are phenolic compounds which 
play a determinant role in the fruit quality and are key 
factors determining the degree of color and astringency 
in fruit and grapes (Siraichi et al., 2013). These com-
pounds exert several pharmacological effects, including 
antioxidant and free radical scavenging activity as well 
as antimicrobial, anti-cancer, anti-nutritional and car-
dio-protective properties (Smeriglio et al., 2016). 
They also seem to exert beneficial effects on metabo-
lic disorders and prevent the onset of several oxidative 
stress-related diseases.
Basically, 'Abbé Fétel' on both rootstocks had higher 
condensed tannin and gallotannin contents than the 
other two cultivars, whereas 'Starking Delicious' on 
both MA and BA.29 rootstocks had the lowest cont-
ent of these compounds. When comparing the results 
of the present study with those previously reported 
in literature (Ma et al., 2012) it is possible to see that 
there are some discrepancies in the phenolic compo-
sition, including tannins, of fresh fruit due to genetic, 
agronomic and environmental factors and also method 
and units used play an important role as previously re-
ported (Tomás-Barberán et al., 2001; Arzani et al., 
2008).

DPPH SCAVENGING ACTIVITY, INHIBITORY 
ACTIVITY AGAINST LIPID PEROXIDATION, 
METAL CHELATING ACTIVITY AND  
HYDROXYL RADICAL SCAVENGING  
ACTIVITY

The antioxidant power of foodstuff and food extracts, 
including fruits, cannot be evaluated by a single me-
thod, but at least two test systems have been recom-
mended for the determination of antioxidant activity to 
establish authenticity (Schlesier et al., 2002). For this 
reason, numerous tests have been developed for mea-
suring the antioxidant activity of fruits, but there is no 
universal method. In the present study, no significant 
differences between rootstocks were found for DPPH 
scavenging activity and hydroxyl radical scavenging ac-
tivity (Table 4). On the other hand, MA induced better 
values of inhibitory activity against lipid peroxidation 
and metal chelating activity than BA.29. In this line, 
MA rootstock showed higher antioxidant activity, indi-
cating that an increase in its cultivation might be a good 
solution for pear consumers.
Regarding cultivars, 'Starking Delicious' alongside 
with 'Beurré Bosc', had stronger DPPH scavenging 
and other related activities when compared with 'Abbé 
Fétel' (Table 4). Hence, 'Abbé Fétel' had better antio-
xidant potential than both 'Starking Delicious' and 'Be-
urré Bosc' cultivars. To our knowledge, there are very 
few studies on the antioxidant activity of pears. For this 
reason and due to the differences in the applied rese-
arch methods it is difficult to compare our results with 
those obtained by other scientists. Liaudanskas et 
al. (2017) reported that values of above assays in pear 
fruit were highly cultivar-dependent which supports 
our data. Since that all three pears grafted on two root-
stocks in this study were grown at the same location 
using similar cultural practices, the variation in DPPH 
scavenging activity and other related activity demons-
trates that the cultivar led to the differences in the bi-
osynthesis of phenolic compounds in this fruit type. It 
was previously reported that pear cultivars had lower 
antioxidant activity compared to many fruit species 
(Karadeniz et al., 2005). For example, Raudone et 
al. (2017) reported that the total reducing activity in 
apple was 3.2 to 5.0 times more potent than the redu-
cing activity of pear fruit extract.
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Table 4: DPPH scavenging activity, inhibitory activity against lipid peroxidation, metal chelating 
activity and hydroxyl radical scavenging activity of pear cultivars grafted on quinces MA and BA.29 
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ity
 

Quince MA Starking 
Delicious 

35.45  1.10 a 47.56  0.82 a 58.91  0.75 a 79.11  0.45 a 

 Abbé Fétel 19.42  0.49 b 23.57  0.70 c 44.23  0.35 b 56.41  0.62 c 

 Beurré Bosc 30.34  0.86 a 39.35  0.66 b 57.14  0.18 a 64.24  0.32 b 

      

Mean  28.40  0.82 A 36.83  0.72 A 53.43  0.43 A 66.59  0.46 A 

      

Quince BA.29 Starking 
Delicious 

33.44  1.23 a 42.38  1.24 a 57.66  0.42 a 78.26  0.28 a 

 Abbé Fétel 17.17  0.46 c 21.56  0.88 c 43.07  0.89 b 53.55  0.64 c 

 Beurré Bosc 28.11  0.85 b 32.73  1.14 b 55.78  0.40 a 64.12  1.22 b 

      

Mean  26.24  0.85 A 32.22  1.09 B 52.17  0.57 B 65.31  0.71 A 

Values followed by the same small letter in a column were not statistically different at P  0.05 by LSD test. 

Values followed by the same capital letter in a column were not statistically different at P  0.05 by LSD test. 
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Arzani, K., Khoshghalb, H., Malakouti, M-J. 
and Barzegar, M. 2009: Postharvest fruit physico-
chemical changes and properties of Asian (Pyrus sero-
tina Rehd.) and European (Pyrus communis L.) pear 
cultivars. Horticulturae, Environment and Biotechno-
logy 49 (4): 244-252.

Barroca, M.J. Guné, R.P.F., Pinto, A., Gonçal-
ves, F.M. and Ferreira, D.M.S. 2006: Chemical 
and microbiological characterization of Portuguese 
varieties of pears. Food and Bioproducts Processing 
84 (2): 109-113.

Brighente, I.M.C., Dias, M., Verdi, L.G. and Piz-
zolatti, M.G. 2007: Antioxidant activity and total 
phenolic content of some Brazilian species. Pharma-
ceutical Biology 45 (2): 156-161.

Chen, J.Z., Wang, J., Wu, J., Wang, Q. and Hu, X. 
2007: Chemical compositional characterization of 
eight pear cultivars grown in China. Food Chemistry 
104 (1): 268-275.

CONCLUSIONS

The results of the study verify that the rootstock and cul-
tivar at the same growing area with hot and dry summer 
months (July and August) were the determinative fac-
tors during the cultivation, which influence the accumu-
lation of phenolic compounds and antioxidant activity 
in pear fruit. Significant variations in phenolic consti-
tuents and antioxidant activity in the whole fruit were 
observed between quince BA.29 and MA rootstocks. 
In most cases, BA.29 showed better amounts of phyto-
chemicals evaluated and antioxidant power in relation 
to MA, whereas MA induced higher DPPH scavenging 
and other activities. These results demonstrated that any 
quince rootstock type found to be the best choice for a 
particular pear cultivar can also be a poor choice for ano-
ther cultivar. Whole fruit of more colored pears such as 
'Abbé Fétel' were a much better source of phenolics and 
had higher antioxidant power when compared with les-
ser colored fruit such as 'Starking Delicious' and 'Beurré 
Bosc'. This status of 'Abbé Fétel' as cultivar with better 
antioxidant activity was confirmed by higher values of 
DPPH scavenging and other activities of 'Beurré Bosc', 
especially 'Starking Delicious'.

Results from this study can be of great importance to 
consumers, breeders and growers. Growers should 
consider very carefully the choice of pear scion/root-
stock combination to achieve a better accumulation of 
secondary metabolites in the fruit and its higher anti-
oxidant power. Moreover, the final decision should 
consider other parameters, which we have not touched 
upon, such as precocity, yield, pomological properties, 
plant resistance to pests and diseases, etc.
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