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A b s t r a c t  K e y w o r d s  

This work was carried out to study the effect of fruit thinning on fruit quality of 

Wonderful pomegranate cv. in 2012 and 2013 seasons through evaluating the 

physiological effect of fruit thinning on the external and internal fruit quality. 

This work was conducted on 12 Wonderful pomegranate trees grown in sandy 

soil at 2.5 × 3m apart in a private orchard at Bilbees district, Sharkia 

Governorate, Egypt.  Four thinning levels were studied in this experiment (four 

fruits/ cluster as a control treatment, beside  three, two, and one 

fruit/cluster).The tested treatments significantly increased fruit weight, grains 

weight, total soluble solids, anthocyanin and ascorbic acid contents as well as 

total phenolic compounds and antioxidant activity, whereas yield and total 

acidity were decreased. Thinning pomegranate fruits to one fruit /cluster gave 

the most excellent physical and chemical abovementioned properties,  but 

reduced yield /tree and total acidity percentage. 
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Introduction 

 

Pomegranate (Punica granatum L.) is a well-known 

fruit tree, especially in the Mediterranean countries 
basin (Spain, Tunisia, Turkey, Egypt and Morocco), 

beside Afghanistan, India and Iran (Jbir et al., 2008 

and Melgarejo et al., 2009). Pomegranate in tropical 
and subtropical areas is considered an important fruit 

crop because the low cost to produce high quality 

fruits, economically to establish an orchard and good 
keeping quality for a long time (Indian Council of 

Agriculture Research, 2005).  

Pomegranate is a deciduous fruit tree, requires high 

temperature in summer to fruit ripening. The cultivated 

area from pomegranate is increasing year to another into 

semi-arid and arid areas, especially where water 
deficiency and high concentrations of salts (Hernández 

et al., 2014). Last years, pomegranate cultivation has a 

wide expansion in several countries (FAO, 2012). 
Recently, its cultivation, production and consequently 

consumption have increased because of increasing the 

scientific knowledge concerned with its nutritional and 
medicinal value. Pomegranate fruits usually eaten 

directly as a fresh fruit, but nowadays after discovering 
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its functional properties there is an incredible increasing 

towards the industrial sector. In addition, it is used as a 
functional fruit, in health care because it contains a lot of 

diseases prevention substances (Fawole and Opara, 

2013a; Hernández et al., 2014) and in producing 

cosmetic products (Al-Said et al., 2009). Many 
investigators in vitro and in vivo reported that 

pomegranate fruits contents play a role not only as anti-

diabetic and antioxidants, but also it has an antibacterial 
activity (Lansky and Newman, 2007; Viuda et al., 2010). 

The healthy effect of pomegranate is due to its content 

from phytochemicals such as polyphenols and 
anthocyanin (Viuda et al., 2010). 

 

Pomegranate is considered a non-climacteric fruit; so, it 

cannot complete its ripening process after separating 
from the tree (Kader, 2006). Fruit maturity is 

commercially depending on the color of the skin, juice 

acidity and grains color (Cristosto et al., 2000). The 
acceptable taste of pomegranate grains fresh or its juice 

mainly based on a combination of many factors such as 

total soluble solids, acidity and the percentage between 

them (Al-Said et al., 2009; Holland et al., 2009; Opara   
et al., 2009; Bchir et al., 2012). The required maturity 

minimum level for Wonderful pomegranate cv. based on 

titratable acidity is less than 1.85% and the juice color is 
more darker as compared with a references have been 

established. The concentrations of phytochemicals in 

pomegranate fruits and their useful activities differ 
according to ripening stage, cultivated variety, 

surrounded environmental factors, the used part of the 

fruit and finally ,the used method of juice extraction 

(Shwartz et al., 2009).  
 

The large demand from the market request is obtaining 

high quality pomegranate fruit (physical and chemical 
characteristics) to be economically valuable (Hernández 

et al., 2014). Generally, setting too many fruits on the 

trees may have a negative effect on the yield in the 
following year and will affect fruit size and quality in 

the current season. If there is a cluster or group of fruits 

develop, it is recommended to remove the contacting 

fruits because, the contacting place has a favorable 
conditions for the development of insects and diseases. 

Generally, the main reasons for fruit thinning is to 

improve fruit quality, size and at the same time help in 
the preventing alternate bearing habit as well as, 

maintaining tree health. In addition, removing damaged, 

immature or malformed fruits allow the retention fruits 

to develop perfectly. There is a negative correlation 
between the number of fruits and their size and quality. 

The aim of this experiment was to characterize the 

suitable fruit thinning level on Wonderful pomegranate 
cv. to obtain high quality fruits with high economic 

value.  

 

Materials and methods 
 

The present investigation was carried out during two 

successive seasons of 2012 and 2013 on 10-year-old 
Wonderful pomegranate trees grown in a private orchard 

at Bilbees district, Sharkia Governorate, Egypt. The 

selected trees were grown in sandy soil under drip 
irrigation system and planted at 2 x 3 m apart. The 

experimental trees were selected to be healthy and 

nearly similar in growth vigor and uniform, it received 

the normal cultural practices, except for the tested 
thinning treatments. Generally, after fruit set all 

experimental trees were adjusted to 30 fruit cluster/tree 

then, adjusted to the following four thinning 
treatments:(a) Four fruits/ cluster, without any thinning 

as a control treatment, (b) three fruits/cluster, (c) two 

fruits/cluster and (d)one fruit/cluster. Each thinning 

treatment was conducted on three trees representing 
three replicates for each. All thinning treatments were 

carried out by the end of May when the average fruit 

diameter reached about 2.0cm (about 26.5% from that of 
the ripened fruits of control treatment). This experiment 

was set in a completely randomized block design with 4 

treatments; each treatment was applied on three trees 
(three replicates). 

 

At harvest time when the fruits reached the commercial 

ripening stage, fruits were picked and the yield / tree 
(kg) was recorded. After that, randomly fruit samples 

(10 fruits) from each replicate were taken and 

transported to the laboratory of fruit research of 
Horticulture Department, Faculty of Agriculture, 

Zagazig University, to evaluate the following fruit 

physical and chemical characteristics. 
 

Fruit physical characteristics estimation 

 

Fruit  weight (g), fruit length without calyx length (cm), 
fruit diameter (cm),then the fruit shape index, i.e. 

length/width was calculated, grains (arils+seeds) weight 

(g) and its percentage to the whole fruit weight, flesh 
prominences weight (g) (weight of all fruit parts, except 

grains+skin) and its percentage to the whole fruit 

weight, skin weight plus flesh prominences weight(g) 

and its percentage to the whole fruit weight and skin 
thickness (mm). 
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Fruit chemical parameters determination 

 
Pomegranate grains of each replicate were hand-

separated and pressed for 3 min using a Moulinexblinder 

(Type 716, France) at the maximum speed to extract 

juice. Prior to analysis and further processing, the juice 
was centrifuged at 10000 xg (4°C, for 10 min) to 

separate the supernatant and stored at -20°C until 

analysis for the following chemical 
parameters.Juicecolour absorbance, pH, titratable acidity 

percentage, anthocyanin pigment and ascorbic acid 

contents.Titrable acidity was calculated as percentage of 
citric acid by titrating 10 ml of the pomegranate juice 

with NaOH (0.1 mol/l) reaching pH 8.1 and expressed  

as g 100 ml
-1

 citric acid (AOAC, 2006) and pH was 

assessed by pH meter (pH 211 HANNA instruments Inc. 
Woonsocket- USA made in Romania). 

 

Samples of pomegranate grains were lyophlized until a 
constant weight was obtained. The anthocyanin content 

was colorimetrically determined (OD 535 nm) according 

to the method described by Caleb et al. (2013). 

 
Ascorbic acid was determined according to Klein and 

Perry (1982) with slight modifications (Barros et al., 

2007). Briefly, juice sample (0.5 ml) was mixed with 
14.5 ml of meta phosphoric acid (1%), the resulting 

mixture was vortexed and then sonicated in ice for 5 min 

followed by centrifugation at 10000 rpm for 5 min at 
4°C. The supernatant (1 ml) was mixed with 2, 6-

dichloroindophenol endophenol (9 ml) and the 

absorbance was measured within 30 min at 515 nm 

against a blank using a UV–vis spectrophotometer 
(Helios Omega, Thermo Scientific technologies, 

Madison, USA). Ascorbic acid content was calculated 

using the calibration curve of authentic L-ascorbic acid 
(0.01–0.1 mg/ml), and the results were expressed as 

ascorbic acid equivalent (AAE) per milliliter crude juice 

(mg AAE/ml juice). 

 

One ml of crude pomegranate juice sample was 

extracted with 29 ml of cold  aqueous methanol  50%. 

The resulting mixture was vortexed, and then sonicated 
in ice for 20 min in a cold water bath followed by 

centrifugation at 10000 rpm for 5 min at 4 °C. The 

supernatant was subsequently collected and assayed for 
antioxidant capacity and phenolic components. 

 

The DPPH (1,1- diphenyl-2-picrylhydrazyl ) radical 

scavenging activity was determined by the method of 
Gocer and Gulcin (2011) with some modification. One 

milliliter of aqueous methanolic juice extract was mixed 

with 4 ml of 0.15 mM DPPH (in 95% methanol). The 
mixture was then shaken vigorously using a mixer. The 

reaction mixture was incubated for 60 min in the 

darkness at room temperature. The absorbance of the 

resulting solution was measured at 517 nm with a 
spectrophotometer. Ethanol was used as a control. 

Percentage of antioxidant activity of free radical DPPH 

was calculated as follow: 
 

Antioxidant activity (%) = [(Acontrol – Asample)/Acontrol] × 100 
 

Where Acontrol is the absorbance of the control reaction 
and Asample is the absorbance in the presence of sample. 

The IC50value was defined as an effective concentration 

of sample required to scavenge 50% of radical activity 
(Bursal and Gulcin, 2011). All experiments were carried 

out in triplicate.  

 

For the ABTS [2,2-azino-bis(3- ethylbenzothiazoline-6-
sulphonicacid)] assay the method of Re et al. (1999) was 

adopted. The stock solutions were 7 mmoll
−1

 ABTS 

solution and 2.4 mmoll
−1

 potassium persulfate solution. 
The solution was prepared by mixing the two stock 

solutions in equal quantities and allowing them to react 

for 12–16 h at room temperature in the dark. One ml of 

the resulting ABTS
•+

 solution was diluted with 60 ml of 
methanol at 7 mmol l

−1
. ABTS

•+
 solution was freshly 

prepared for each assay. One milliliter of aqueous 

methanolic extract of Pomegranate juice were allowed to 
react with 5 ml of ABTS

•+
 solution for 7 min, then the 

absorbance at 734 nm was recorded. A control with no 

added extract was also analyzed. Scavenging activity 
was calculated as follows: 

 
ABTS radical-scavenging activity (%)= [(Abscontrol − Abssample)/Abscontrol]× 100 

 
Where Abscontrol is the absorbance of ABTS 

radical+methanol and Abssample is the absorbance of 

ABTS radical + extract/synthetic antioxidant. Total 

phenolic compounds were determined using the Folin- 
Ciocalteu method (Singleton and Rossi, 1965). Briefly, 1 

ml of pomegranate juice was exactly diluted to 10 ml 

with distilled water, then 200 ml of the diluted juice was 
mixed with 0.5 ml of Foline-Ciocalteu reagent, 

alkalinized with 1 ml of 20 g/100 g sodium carbonate 

solution and taken to 10 ml with distilled water. The 
mixture was allowed to stand for 60 min at room 

temperature, then the absorbance was measured by a 

UV/Vis spectrophotometer (JENWAY 6405 UK) at 760 

nm. Total phenolics were calculated against a calibration 
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curve obtained with gallic acid and results were reported 

as gallic acid equivalents (mg/l). 
 

Statistical analysis 

 

The obtained data were subjected to analysis of variance 
(ANOVA) according to Snedecor and Cochran (1980) 

using SPSS program. The individual comparisons 

between the obtained means were carried out using LSD 
at 5% level.  

 

Results and discussion 

 

Yield/tree 

 

The obtained data in Table 1 reveal significant effects of 
the tested thinning treatments on the different parts of 

pomegranate fruit. Regarding yield /tree, the highest 

significant yields were recorded for unthinned (control) 
trees and those thinned to three and two fruits/cluster 

without significant differences between them in both 

seasons. The lowermost yield/tree in both seasons came 

from the highest thinning rate treatment (one fruit / 
cluster). However, two fruits /cluster thinning treatment 

increased yield/tree by 33.7 and 47.1% compared to 

those thinned to one fruit /cluster in both seasons, 
respectively. 

 

Fruit weight 

 
All rates of fruit thinning significantly increased average 

fruit weight in the two seasons. The uppermost fruit 

weight (624.5 and 607.3 g) was recorded for one fruit 
/cluster thinning treatment in the first and second season, 

respectively. On the other hand, the lowermost fruit 

weight (200.9 and 211.0 g), was gained by control 
treatment (four fruits/cluster) in both seasons, 

respectively. It means that thinning the fruit cluster 

increased fruit weight by 28.1 to 210.9 % in the first 

season and 28.8 to 187.8 % in the second one. This 
result is in line with that of Greene et al. (1990). As an 

average of both seasons, thinning fruits to three 

fruits/cluster increased fruit weight by 128.4 %. The 
corresponding fruit weight increments for two and one 

fruit/cluster treatments were 216.4and 299.0% 

respectively. 

 

 
Table 1. Effect of different levels of fruit thinning on yield characteristics of Wonderful pomegranate fruits in 2012 and 

2013 seasons. 

Thinning level 

Yield/tree 

(kg) 

Fruit weight                 

(g) 

Grains weight 

(g)/fruit 

Grains 

weight % 

Skin+flesh 

prominences 

(g) weight 

Skin+flesh 

prominences 

weight % 

Flesh 

prominences 

weight(g)/fruit 

Flesh 

prominences 

weight % 

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 

(Control) without 

thinning 
25.1 25.5 200.9 211.0 81.0 84.4 41.0 40.4 119.9 128.4 60.0 61.4 50.3 53.9 25.1 25.7 

3 fruits/cluster 24.0 26.1 257.3 271.8 111.8 117.6 43.5 43.8 145.5 154.8 56.5 57.0 59.8 64.5 23.3 23.7 

2 fruits/cluster 26.2 27.8 432.6 458.7 219.1 232.8 50.7 50.9 213.5 219.0 49.6 47.8 84.0 88.7 19.5 19.5 

1 fruit/cluster 19.6 18.9 624.5 607.3 358.5 354.6 57.4 58.5 266.6 252.3 42.7 41.6 99.3 92.2 15.9 15.2 

LSD 0.05 2.23 2.24 36.7 35.8 24.7 28.5 8.69 10.6 16.8 15.5 6.61 8.21 5.61 7.66 2.52 3.33 

 

Light cropping trees in all cases produce fruits with 

larger cells and consequently larger weight and size than 
do small fruits produced from heavy cropping ones 

(Ouma, 2010). Mainly because thinning treatments 

changed the leaf /fruit ratio, thus, there was more 
number of leaves per each fruit, which support fruit 

growth and reduce the competition between the 

remainder fruits for the available photo assimilates 
(Palmer et al., 1997). At the same line, thinning 

treatments increases the available carbohydrates which 

are responsible for increasing fruit weight and size 

(Agusti et al., 2000). Removing small immature fruits 
early in the season can lead to increase fruit weight and 

size by minimizing the number of fruits that remain 

growing to harvest time permitting the fruits to ripe 
more quickly (Kitren and Louise, 2008). Also, thinning 

decrease and/or prevent alternate bearing habit and 

eliminate damaged or malformed fruits.  

 

Grains weight 
 
All thinning rates significantly increased grains 

weight/fruit in both seasons (Table 1). The highest 

grains weight/fruit (358.5 and 354.6 g) was gained by 
one fruit/ cluster treatment in the first and second 

season, respectively. On the other hand, the lower most 

values were recorded for control treatment (81.0 and 

84.4 g in the two seasons, respectively). Comparing with 
control treatment, grains weight/fruit was increased by 

138.7, 273.3 and 431.2% as a result of three, two and 

one fruit/cluster thinning treatments (average of both 
seasons), respectively. 
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The percentage of grains weight against the total fruit 

weight was increased significantly with two and one 
fruit/cluster thinning treatments.This increment ranged 

between50.7- 57.4% in the first season and 50.9 to 

58.5% in the second one. Three fruits/cluster thinning 

treatment insignificantly increased grain weight 
percentage compared to control in the two seasons. It 

could be concluded that thinning treatments increased 

the edible part of pomegranate fruits (grains). The 
obtained result is in line with those of Akbarpour et al. 

(2009). 

 

Weight of skin and flesh prominences /fruit 

 

Data in Table 1, clear that the weight of fruit skin and 

flesh prominences(all fruit parts except grains) were 
significantly increased with increasing thinning level in 

both seasons. The highest weight of skin and flesh 

prominences was recorded for one fruit/cluster thinning 
treatment. Whereas, the lower most value was gained by 

control treatment. Generally, this increment may be 

attributed to the increase in fruit weight and size. 

 
The percentage of weight of skin and flesh 

prominences/fruit was significantly decreased with 

increasing thinning rate, especially the highest two 
rates (two and one fruit /cluster). This decrement 

ranged between 42.7 to 49.6 % in the first season and 

41.6 to 47.8 % in the second one. This result clear the 
positive effect of fruit thinning on decreasing the 

percentage of skin and flesh buttresses weight /fruit 

significantly. This means also that thinning treatments 

increased average fruit weight through increasing 
grains weight than increasing other fruit parts. In other 

words, the main effect of fruit thinning on increasing 

weight of pomegranate fruits is scoped or focused 
mainly on increasing grains weight compared to other 

fruit parts.  

 

Flesh prominences weight 

 
Data shown in Table 1 clear that, all thinning treatments 

significantly increased flesh prominences weight with 

increasing thinning level in the two seasons. This 

increment reached the highest value with the highest 
thinning level (one fruit/ cluster) compared to control 

treatment in the two seasons. The percentage of flesh 

prominences weight followed an opposite trend, since it 
was significantly decreased with all thinning treatment 

to reach its minimum value with one fruit / cluster 

thinning treatment in both seasons. 

Fruit dimensions 

 

Data presented in Table 2 shows significant effect of the 

tested thinning treatments on different physical 
parameters of pomegranate fruit, especially the highest 

two thinning rates. Regarding fruit dimensions (length 

and diameter), the highest significant values were 
recorded for the highest thinning treatments (two and 

one fruit/cluster) without significant differences between 

them. Whereas, the lowermost values were gained by 

control treatment in both seasons. The positive effect of 
thinning treatments on fruit dimensions supported those 

of Westwood (1993). Fruit shape index was 

insignificantly affected by the studied thinning 
treatments in both seasons. 

 

Skin thickness 

 

Data in Table 2 show that, all thinning treatments 

increased skin thickness in both seasons, but the 

significance was realized only with the highest two 
thinning levels. However, the thickest (0.75 and 0.78 

mm) and the thinnest (0.45 and 0.47 mm) peel thickness 

were recorded for the highest thinning rate treatment 
(one fruit/cluster) and control treatments in the first and 

second seasons, respectively. 

Table 2. Effect of different levels of fruit thinning on fruit length, fruit diameter, fruit shape index , peel thickness of  

Wonderful pomegranate fruits in 2012 and 2013 seasons 

Thinning level 
Fruit length  (cm) 

Fruit diameter 

(cm) 
Shape index 

Peel thickness 

(cm) 

2012 2013 2012 2013 2012 2013 2012 2013 

(Control) without thinning 6.20 5.90 7.71 7.40 0.82 0.86 0.45 0.47 

3 fruits/cluster 6.93 6.40 8.20 8.60 0.85 0.77 0.48 0.51 

2 fruits/cluster 8.41 8.20 9.75 10.0 0.87 0.82 0.59 0.56 

1 fruit/cluster 9.50 10.6 10.8 11.2 0.88 0.99 0.75 0.78 

LSD 0.05 1.33 2.02 1.40 2.85 NS NS 0.05 0.09 
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Chemical fruit characteristics 

 

Total soluble solids percentage (TSS%) 

 

Data in Table 3 clears that, the tested thinning treatments 

significantly affected TSS percentage in both seasons. 
The highest TSS percentage (17.0 and 17.4 %) was 

found in the fruit juice of one fruit/cluster thinned trees, 

while the lowermost percentages (15.0 and 14.4 %) were 

found in control treatment in the two seasons, 
respectively. The same trend was recorded with pH 

value in both seasons. Whereas total acidity percentage 

followed the opposite trend, since the highest and lowest 

total acidity percentages were recorded for unthinned 
(control) fruits and those thinned to one fruit/cluster, 

respectively in both seasons (Fig. 1). 

 
Table 3. Effect of different levels of fruit thinning on TSS and TSS/acid ratio of Wonderful pomegranate fruits in 2012 

and 2013 seasons. 

Thinning level 
TSS TSS/ acid ratio 

2012 2013 2012 2013 

Control (Without thinning) 15.0 14.4 37.5 33.5 

3 fruits/cluster 15.5 15.2 43.6 43.5 

2 fruits/cluster 16.0 16.0 48.0 51.6 

1 fruit/cluster 17.0 17.4 54.3 60.1 

LSD 0.05 0.76 1.78 3.33 5.41 

 

Fig. 1: Effect of different levels of fruit thinning on pH 

value and acidity percentage of Wonderful pomegranate 

fruits in 2012 and 2013 seasons. 
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The obtained results concerning TSS and acidity 

percentages are in line with those obtained by Gariglio 
et al. (2003). Pomegranate fruit ripening time is closely 

associated with the increase in the total soluble solids 

content (Fawole and Opara, 2013b). This result could be 

attributed to the grand received amount of nutrients and 

photosynthesis assimilates by the fruit, mainly because 
the higher number of leaves per each fruit which support 

fruit growth and ripening which subsequently increasing 

of sugars content and decreasing the acids percentage. 
 

In both seasons, it is clear that thinning treatments 

significantly increased TSS/ acid ratio in the fruit juice 

(Table 3). The highest TSS/acid ratio was recorded for 
one fruit/cluster treatment (54.3 and 60.1) followed in 

descending order by those thinned to two fruits/cluster 

(48.0 and 51.6) and three fruits/cluster (43.6 and 43.5) in 
the two seasons, respectively. Fruits on unthinned trees 

gained the lowest TSS/acid ratio (37.5 - 33.5) in both 

seasons, respectively. These results are in agreement 
with those obtained by Greene et al. (1990) on several 

apple cultivars. Chemical attributes like TSS, acidity and 

TSS/acid ratio are used to describe the taste in terms of 

sourness or sweetness. Total acidity as citric acid greatly 
contribute to the flavour of pomegranate juice which 

vary more often in cultivars of different taste profiles 

compared to TSS and sugars (Dafny-Yalin et al., 2010). 
 

The effects of different levels of fruit thinning on 

anthocyanin pigment and ascorbic acid contents of 
Wonderful pomegranate fruits in 2012 and 2013 

seasons are shown in Fig. 2. It is clear that, the 

concentration of anthocyanin pigment was gradually 

increased by all thinning treatments (8.67, 8.68 and 
9.77 mg/kg

-1
 and   (8.0, 8.2 and 9.6 mg/kg

-1
by the 

treatment of three, two and one fruit /cluster, in the 

first and second season, respectively) compared to 
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control (7.90 and 7.30 mg/kg
-1

 in the two seasons, 

respectively). Anthocyanin pigment was found in 
pomegranate fruit juice and cause the red colour 

(Noda et al., 2002) and antioxidant activity of 

pomegranate juice (Drogoudi et al., 2005; Tzulker et 

al., 2007). Fig. 2 also reveals insignificant effect of 
the studied thinning treatments on juice ascorbic acid 

content in both seasons. 

 
Table 4. Effect of different levels of fruit thinning on total phenolic compounds (TPC) and antioxidant activity  

(DPPH and ABTS assays) of Wonderful pomegranate fruits in 2012 and 2013 seasons. 

Thinning level 
TPC ( mg GAE l

-1
) 

Antioxidant activity (%) 

DPPH ABTS 

2012 2013 2012 2013 2012 2013 

Control (without thinning) 387.43 388.7 78.39 76.43 81.06 82.80 

3 fruits/cluster 387.4 388.90 80.37 79.03 85.30 86.12 

2 fruits/cluster 388.2 389.30 82.54 81.21 87.44 87.06 

1 fruit/cluster 390.5 392.10 85.10 83.52 89.11 90.33 

LSD 0.05 1.96 2.26 0.72 1.25 0.50 1.17 

 

Fig. 2: Effect of different levels of fruit thinning on 

anthocyanin pigment and ascorbic acid contents of 

Wonderful pomegranate fruits in 2012 and 2013 seasons. 
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Effect of different levels of fruit thinning on total 

phenolic compounds (TPC) and antioxidant activity 
(DPPH and ABTS assays) of Wonderful pomegranate 

fruits in 2012 and 2013 seasons are shown in Table 4. 

The total phenolic content was only significantly 

affected when the fruits were thinned to one fruit/cluster 

in both seasons (390.5 and 392.10 mg GAE l
-1

) 

compared to control (387.43 and 388.7 mg GAE l
-1

 in 
the first and second seasons, respectively). DPPH radical 

scavenging ability is widely used as an index to evaluate 

the antioxidant potential of medicinal plants. The 

antioxidant activity of the control treatment was 78.39 
and 76.43 % in the two seasons, respectively. The extent 

of DPPH radical scavenging activity was significantly 

and gradually increased by all thinning treatments. So, 
this increase reached its highest value with one 

fruit/cluster treatment in the two seasons (390.5 and 

392.10% in the first and second seasons, respectively). 
The same trend was observed when their ABTS was 

assayed (Table 4).  

 

Acknowledgement 

 

The authors wish to thank Prof. Dr. Talaat Ali Abou 

Sayed Ahmed, for his help in preparing the manuscript. 
 

References 

 

Agusti, M., Juan, M., Almela, V., Gariglio, N., 2000. 
Loquat fruit size is increased through the thinning 

effect of naphthaleneacetic acid. Plant Growth 

Regul. 31(3), 167-171.‏ 
Akbarpour, V., Hemmati, K., Sharifani, M., 2009. 

Physical and chemical properties of pomegranate 

fruit in maturation stage. Amer. Euras. J. Agric. 
Environ. Sci. 6, 411–416. 

Al-Said, F. A., Opara, L.U., Al-Yahyai, R.A., 2009. 

Physico-chemical and textural quality attributes of 

pomegranate cultivars (Punica granatum L.) grown 
in the Sultanate of Oman. J. Food Eng. 90(1), 129-

 ‏.134



Int. J. Curr. Res. Biosci. Plant Biol. 2015, 2(9): 95-103                   

F. S. Mohsen and A. Osman (2015) / Int. J. Curr. Res. Biosci. Plant Biol. 2015, 2(9): 95-103 102 

AOAC International,  & Latimer, G.W. (2006). Official 

methods of analysis of AOAC international. W. 
Horwitz (Ed.). AOAC International.‏ 

Barros, L., Ferreira, M.J., Queiros, B., Ferreira, I.C.F.R.,  

Baptista, P., 2007. Total phenols, ascorbic acid, β-

carotene and lycopene in Portuguese wild edible 
mushrooms and their antioxidant activities. Food 

Chem. 103, 413–419. 

Bchir, B., Besbes,  S., Karoui, R., Paquot, M., Attia, H., 
Blecker, C., 2012. Osmotic dehydration kinetics of 

pomegranate seeds using date juice as an immersion 

solution base. Food Bioprocess Tech. 5(3), 999-
 ‏.1009

Bursal, E., Gulçin, I., 2011. Polyphenol contents and in 

vitro antioxidant activities of lyophilised aqueous 

extract of kiwifruit (Actinidia deliciosa). Food Res. 
Int. 44, 1482–1489. 

Caleb, O. J., Opara, U.L., Mahajan, P.V.,  Manley, M., 

Mokwena, L., Tredoux, A.G., 2013. Effect of 
modified atmosphere packaging and storage 

temperature on volatile composition and postharvest 

life of minimally-processed pomegranate arils 

(cvs.‘Acco’and ‘Herskawitz’). Postharvest Biol. 
Tech. 79, 54-61.‏ 

Cristosto, C.H., Mitcham, E.J., Kader, A.A., 2000. 

Pomegranate: recommendations for maintaining 
postharvest quality. Produce Facts. Postharvest 

Research and Information Centre, University of 

California, Davis, USA.‏ 
Dafny-Yalin, M., Glazer, I., Bar-Ilan, I., Kerem, Z., 

Holland, D., Amir, R., 2010. Color, sugars and 

organic acids composition in aril juices and peel 

homogenates prepared from different pomegranate 
accessions. J. Agric. Food Chem. 58(7), 4342-4352.‏ 

Drogoudi, P.D., Tsipouridis, C., Michailidis, Z., 2005. 

Physical and chemical characteristics of 
pomegranates. Hort. Sci. 40(5), 1200-1203. 

FAO, 2012. Food and Agriculture Organization of the 

United Nations.2012. www.fao.org. 
Fawole, O.A., Opara, U.L., 2013a. Changes in physical 

properties, chemical and elemental composition and 

antioxidant capacity of pomegranate (cv. Ruby) fruit 

at five maturity stages. Sci. Hortic. 150, 37-46.‏ 
Fawole, O.A., Opara, U.L., 2013b. Harvest 

discrimination of pomegranate fruit: Postharvest 

quality changes and relationships between 
instrumental and sensory attributes during shelf life. 

J. Food Sci. 78(8), 1264-1272. 

Hernández, F., Legua, P., Martínez, R., Melgarejo, P., 

Martínez, J.J., 2014. Fruit quality characterization of 
seven pomegranate accessions (Punica granatum L.) 

grown in Southeast of Spain. Sci. Hortic. 175, 174–

180. 
Gariglio, N., Castillo, A., Juan, M., Almela, V., 

Agusti, M., 2003. Effects of fruit thinning on fruit 

growth, sugars and purple spot in loquat fruit 

(Eriobotrya japonica L.). J. Hortic. Sci. 
Biotech.78(1), 32-34.‏ 

Goçer, H., Gulçin, I., 2011. Caffeic acid phenethyl ester 

(CAPE): correlation of structure and antioxidant 
properties. Int. J. Food Sci. Nutr. 62(8), 821-825.‏ 

Greene, D.W., Autio, W.R., Miller, P., 1990. Thinning 

activity of benzyladenine on several apple cultivars. 
J. Am. Soc. Hortic. Sci. 115(3), 394-400.‏ 

Holland, D., Hatib, K., Bar-Ya'akov, I., 2009. 2 

Pomegranate: Botany, horticulture, breeding. Hortic. 

Rev. 35(2), 127-191. 
Indian Council of Agriculture Research, 2005. Power 

inaugurates news national research center on 

pomegranate. www.icar.org.inpr/25092005.htm. 1 
Sep. 2006. 

Jbir, R., Hasnaoui, N., Mars, M., Marrakchi, M., Trifi, 

M., 2008. Characterization ofTunisian pomegranate 

(Punica granatum L.) cultivars using amplified 
fragment length polymorphism analysis. Sci. Hortic. 

115, 231–237. 

Kader, A.A., 2006. Pomegranates: Ancient Roots to 
Modern Medicine, Postharvest Biology and 

Technology of Pomegranates (Eds.: Seeram, N.P., 

Schulman, R.N., Heber, D.). CRC Press, Boca 
Raton, FL. Pp.211–220.‏ 

Kitren, G., Louise, F., 2008. Pomegranate production in 

Afghanistan. College of Agriculture and 

Environmental Science, University of California, 
Davis.www.ip.ucdavis.edu.  

Klein, B.P., Perry, A.K., 1982. Ascorbic acid and 

vitamin A activity in selected vegetables from 
different geographical areas of the United States. J. 

Food Sci. 47(3), 941-945.‏ 

Lansky, E.P., Newman, R.A., 2007. Punica granatum 
(pomegranate) and its potential for prevention and 

treatment of inflammation and cancer. J. 

Ethnopharmacol. 109(2), 177-206.‏ 

Melgarejo, P.,  Martínez, J.J., Hernández, F., Martínez, 
R., Legua, P., Oncina, R., Martínez-Murcia, A., 

2009. Cultivar identification using 18S–28S rDNA 

intergenic spacer-RFLP in pomegranate (Punica 
granatum L.). Sci. Hortic. 120(4), 500-503.‏ 

Noda, Y., Kaneyuki, T., Mori, A., Packer, L., 2002. 

Antioxidant activities of pomegranate fruit extract 

and its anthocyanidins: delphinidin, cyanidin, and 
pelargonidin. J. Agroc. Food Chem. 50(1), 166-171.‏ 



Int. J. Curr. Res. Biosci. Plant Biol. 2015, 2(9): 95-103                   

F. S. Mohsen and A. Osman (2015) / Int. J. Curr. Res. Biosci. Plant Biol. 2015, 2(9): 95-103 103 

Opara, L.U., Al-Ani, M.R., Al-Shuaibi, Y.S., 2009. 

Physico-chemical properties, vitamin C content, and 
antimicrobial properties of pomegranate fruit 

(Punicagranatum L.). Food Bioprocess Technol. 

 ‏.315-321 ,(3)2

Ouma, G.,  2010. Flowering, Pollination and fruit set in 
fruit trees. Lambart Academic Publisher Berlin, 

Germany. 138p. 

Palmer, J.W., Giuliani, R., Adams, H.M., 1997. Effects 
on crop load on fruit and leaf phosynthesis of 

‘Braeburn’/M26 apple trees. Tree Physiol. 17, 741–

746. 
Re, R., Pellegrini, N., Proteggente,  A., Pannala, A., 

Yang, M., Rice-Evans, C., 1999. Antioxidant 

activity applying an improved ABTS radical cation 

decolorization assay. Free Radical Bio. Med. 26(9), 
 ‏.1231-1237

Shwartz, E.,  Glazer, I., Bar-Ya’akov, I., Matityahu, I., 

Bar-Ilan, I., Holland, D., Amir, R., 2009. Changes in 
chemical constituents during the maturation and 

ripening of two commercially important 

pomegranate accessions. Food Chem. 115(3), 965-

 ‏.973

Singleton, V.L., Rossi, J.A., 1965. Colorimetry of total 

phenolics with phosphomolybdic-phosphotungstic 
acid reagents. Am. J. Enol. Viticult. 16(3), 144-158.‏ 

Snedecor, G.W., Chochran, W.G., 1982. Statistical 

methods. 7
th

 Edn. Iowa State University Press, Iowa, 

U.S.A. 
Tzulker, R., Glazer, I., Bar-Ilan, I., Holland, D., Aviram, 

M., Amir, R., 2007. Antioxidant activity, polyphenol 

content, and related compounds in different fruit 
juices and homogenates prepared from 29 different 

pomegranate accessions. J. Agric. Food Chem. 

 ‏.9559-9570 ,(23)55

Viuda‐Martos, M., Fernández‐López, J., Pérez‐Álvarez, 

J. A., 2010. Pomegranate and its many functional 

components as related to human health: a review. 

Comp. Rev. Food Sci. Food Safety 9(6), 635-654.‏ 
Westwood, M.N., 1993.Temperate Zone Pomology–

Physiology and Culture. 3
rd

 Edn. Timber Press, 

Portland, Oregon. 
 

 

 

 


