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Abstract: Variations of phenolics, antioxidant activity, and mineral contents in peel and
pulp of five apple (Malus domestica Borkh.) cultivars from Pakistan, namely Red
Delicious, Golden Delicious, Kashmiri Amri, Kala Kulu and Sky Spur were appraised. The
mean extract yield of antioxidant components obtained with 80:20 methanol-water (v/v),
was found to be 22.1 g/100 g for peel and 14.2 g/100 g for pulp on a dry weight basis.
The amounts of total phenolics and total flavonoids in peel and pulp of different
cultivars of apple ranged from 1,907.5–2,587.9 mg gallic acid equivalent/100 g DW and
1,214.3–1,816.4 mg catechin equivalent/100 g DW and 1,185.2–1,475.5 mg GAE/100 g
DW and 711.8–999.3 mg CE/100 g DW, respectively. The inhibition of linoleic acid
peroxidation and DPPH scavenging activity of the extracts varied from 71.7–84.9 and
66.6–80.8% in peel, and 43.9–52.8 and 42.9–51.1% in pulp, respectively. Reducing power
of the tested fruit part extracts at concentration 12.5 mg/mL ranged from 2.54–2.89 and
1.37–1.73, respectively. With regard to minerals analysis, both fruit parts showed the
amount of K to be the highest, followed by Mg, Ca, Fe, Na and Zn. The results revealed
that peel of the tested apple cultivars in this study had superior antioxidant capacity and
mineral concentration than the pulp, indicating significant variations between the parts
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tested. Thus, consumption of apple fruits along with peel might be recommended to
gaining better nutritive benefits.
Keywords: phenolic compounds; DPPH radical; antioxidant activity; Malus domestica;
Inter-cultivar variation; mineral elements; fruit tissue

1. Introduction
It is widely accepted that dietary intake of selected fruits, especially those containing functional
bioactives such as phenolic acids, tannins, flavonoids, and vitamins and essential minerals, is linked to
reduced prevalence of several chronic diseases [1–3]. Apple (Malus domestica Borkh.), a member of
the family Rosaceae, is one of the most frequently consumed fruits in many regions across the World.
Apple fruit has been identified as an excellent potential source of carbohydrates, minerals, dietary fiber
and antioxidant phenolics [3–5]. Recent studies reveal that consumption of apple fruit and apple juice
can provide antiproliferative, anticarcinogenic, and anti-inflammatory health benefits and is strongly
associated with lower incidence of lung cancer, viral diseases and cardiovascular disorders [1,3,6–8].
Apple peel, being a rich source of phenolics and dietary fiber, is also valued for its medicinal health
functions [5,6].
The composition and distribution of nutrients and high-value components such as phenolics mainly
depends upon genotypes, fruit tissue and the maturity levels of fruits and to a smaller extent on
environmental aspects [9–12]. Unpeeled fruits possess higher contents of bioactive compounds as
compared to peeled ones [8]. The fruit peels, although medicinally important, are often discarded as an
agro-waste and have not yet received attention with regard to their utilization for value-addition rather
than being discarded. This might be due to the lack of commercial applications and consumer’s
unawareness of the benefits of consuming fruit peels. Interestingly, the seed and peel fractions
have been reported to have higher antioxidant activity compared to the pulp fraction.
Gorinstein et al. [13] reported that the mineral and total phenolic contents in persimmon and apple peel
were significantly higher compared to those in pulp. Similarly, Loentowicz et al. [8] reported that apple
and pear peel extracts exhibited better potential as natural antioxidant supplements than pulp extract.
Pakistan is blessed with a wide range of agro-climatic conditions, which allow the production of
both tropical and temperate fruits [14]. The most suitable soil and climatic conditions for apple
cultivation prevail in the northern hilly areas of Punjab, Khyber Pukhtonkha and Baluchistan. Apple is
the fourth major fruit of Pakistan after citrus, mango and banana and is widely consumed. Various
cultivars of apple being grown in Pakistan include Mashaday, Kashmiri Amri, Red Delicious,
Sky Spur, Kala Kulu, Golden Delicious, etc. [15–17]. The total area under apple cultivation was
estimated to be 112.6-thousand ha, while total production was as high as 348.3 thousand tons [18].
Several studies have been carried out on the phenolic profile and antioxidant potential of different
cultivars and parts of apple fruit from various regions [1,4,5,9,13,19–21]. However, to the best of our
knowledge, no reports on the antioxidant attribute and mineral composition of different parts of apple
cultivars commonly grown in Pakistan is available in the literature. Thus, this study was undertaken to
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quantify and compare the phenolic components, antioxidant activity and mineral contents in pulp and
peel of five cultivars widely cultivated in Pakistan.
2. Results and Discussion
2.1. Extract Yields, Total Phenolic and Total Flavonoid Contents
The peel and pulp of fruits of the studied cultivars of apple yielded promising amounts of
extractable matter (dry weight basis) with aqueous methanol. The mean extraction yield of antioxidant
components was found to be 22.1 g/100 g for peel and 14.2 g/100 g for pulp. Relatively a higher
extraction yield was obtained for peel than the pulp samples. The significant differences in the
extraction yield between peel and pulp of same fruits might be ascribed to the varying availability of
extractable components, resulting from the varied chemical composition of the different tissues used.
Li et al. [22] also reported that percent yield of pomegranate peel (31.5%) extract was higher
compared to that of pulp (14.5%) extract.
Table 1. Total phenolics and total flavonoids contents of peel and pulp extracts of different
cultivars of apple (Malus domestica Borkh.) fruit.
Variety
Golden Delicious
Red Delicious
Kashmiri Amri
Kala Kulu
Sky Spur
Mean

TPC (mg gallic acid
equivalent/100 g dry weight)
Peel
Pulp
b
2102.4 ± 44.1
1298.2 ± 26.8 a
2587.9 ± 50.6 a
1475.5 ± 29.9 a
2097.1 ± 43.4 b 1185.2 ± 24.7 ab
2274.8 ± 49.4 b
1388.4 ± 26.1 a
b
1907.5 ± 38.9
1201.2 ± 24.1 a
2193.9 ± 43.9 a
1309.7 ± 27.4 b

TFC (mg catechin
equivalent/100 g dry weight)
Peel
Pulp
a
1501.5 ± 31.3
816.3 ± 16.9 a
1816.4 ± 36.1 a
930.2 ± 19.9 a
1398.4 ± 27.9 ab
789.3 ± 15.8 a
1694.6 ± 37.2 a
999.3 ± 17.7 a
b
1214.3 ± 24.1
711.8 ± 21.2 ab
1525.0 ± 31.9 a
849.4 ± 17.9 b

Data are mean ± SD (n =3 × 3, P < 0.05). Different superscript letters within the same column
indicate significant differences (P < 0.05) among cultivars. Different subscript letters within the
Mean’s row indicate significant differences (P < 0.05) between peel and pulp.

We analyzed TPC and TFC of the apple fruit extracts on a dry weight (DW) basis using the
spectrophotometric method. Plant phenolics, with more than 8,000 chemical structures at present
identified, are known to act as an effective free radical scavengers and antioxidants [22,23]. The most
important natural phenolics are flavonoids because of their broad spectrum biochemical and biological
activities. Thus, the true antioxidant potential is often more accurately revealed by expressing
antioxidant activity in terms of total phenolics and flavonoids [23,24].
The contents of total phenolics, calculated as gallic acid equivalent (GAE), of 80% methanolic
extracts of apple peel and pulp are presented in Table 1. Total phenolic contents ranged from
1,907.5–2,587.9 mg GAE/100 g in the peel extracts and 1,185.2–1,475.5 mg GAE/100 g in the pulp
extracts. Of the cultivars tested, Red Delicious and Kala Kulu peel extracts exhibited significantly higher
contents of total phenolics, 2,587.9 and 2,274.8 mg/100 g, respectively, followed by Golden Delicious
(2,102.4 mg/100 g) and Kashmiri Amri (2,097.1 mg/100 g). The lowest (1,907.5 mg/100 g) content of
total phenolics was observed for Sky Spur. In case of pulp extracts, highest (1,475.5 mg/100 g) amount
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of total phenolics (TP) was exhibited by Red Delicious apple and the lowest (1,185.2 mg/100 g) by
Kashmiri Amri. The amount of TP in the pulp extracts of Golden Delicious and Sky Spur apple were
1,298.2 and 1,201.2 mg/100 g, respectively.
The amount of total soluble flavonoids, expressed as catechin equivalent (CE), among peel of fruits
of five apple cultivars ranged from 1,214.3 to 1,816.4 mg CE/100 g of extract (Table 1). The peel
extracts of Red Delicious apple exhibited the highest (1,816.4 mg/100 g) flavonoid contents followed
by Kala Kulu (1,694.6 mg/100 g). These contents were higher than those for the peel extracts
from Golden Delicious (1,501.5 mg/100 g), Kashmir Amri (1,398.4 mg/100 g) and Sky Spur
(1,214.3 mg CE/100 g). For pulp extracts, the amounts of total flavonoids (TF) varied from 711.8 mg
CE/100 g (Sky Spur) to 999.3 mg/100 g (Kala Kulu).
Overall, there was no considerable variation in the amounts of TP and TF among the five apple
cultivars, however these levels differed significantly between the two parts (peel and pulp) tested. As
expected, the peel of all the cultivars analyzed had significantly higher concentrations of TP and TF
than those determined for pulp. The results of our present investigation are in agreement with those
reported by Vieira et al. [19], who found that peel extract of different varieties of apple fruit contained
greater amount of phenolics, anthocyanins and flavonoids than pulp extract. In agreement to our
present data, Abrosca et al. [1] reported that apple peel extracts have higher amount of phenolics and
flavonoids than pulp extracts. Likewise, in another study by Drogoudi et al. [20], apple peel extracts
exhibited 1.5 to 9.2 times greater total antioxidant activity and 1.2 to 3.3 times higher contents of total
phenolics than those of flesh (pulp) extracts.
In order to assess the dietary impact of consumption of apple fruit on the intake of antioxidant
phenolics, their supplies on the basis of fruit serving were calculated. The calculation was based on
fresh fruit serving of 100 g which comprised of 80 g pulp + 15 g skin + 5 g ovary with seeds. On the
basis of this calculation, TP and TF contents were ranged from 38.1–60.2 and 26.2–40.2 mg/serving,
respectively. The highest contribution of TP and TF was provided by Red Delicious (60.2 and
40.2 mg/serving) followed by Kala Kulu (53.9 and 34.4 mg/serving) and Golden Delicious (45.2 and
30.8 mg/serving) whereas, lowest by Kashmiri Amri (38.7 and 26.2 mg/serving) and Sky Spur (38.1
and 28.8 mg/serving), respectively.
In general, it is observed that apple peel possess higher contents of phenolics and flavonoids
compared to the pulp, because of the nature and distribution of phenolics and flavonoids varies within
different parts of a same fruit. The pulp of apple fruit contains catechin, phloretin glycoside,
procyanidins, caffeic acid; the peel possesses all of these compounds and has additional flavonoids
such as anthocyanins, quercetin glycosides and cyanidin glycoside, not present in the pulp [25]. The
presence of higher amounts of total phenolics and flavonoids in peel, compared with pulp, in the
present analysis of apple fruits can also be justified by the findings of other researchers [1,8,9,20].
2.2. Reducing Power of Apple Extract
Measurement of reducing power also defines an important aspect of antioxidant activity of plant
extracts. In this assay, the presence of reducing agent in the analyte sample results in the reduction of
the ferric/ferricyanide complex to its ferrous (Fe+2) form. The amount of Fe2+ is then quantitatively
monitored by measuring the intensity of Perl’s Prussian blue color complex at 700 nm. Higher
absorbance value indicates higher reducing power and thus higher antioxidant activity [24].
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Table 2 presents the reductive capability of peel and pulp extracts of different apple cultivars. In the
reducing power assay, (extract concentrations used were: 2.5, 5.0, 7.5, 10.0 and 12.5 mg/mL), almost a
concentration-dependent increase in the absorbance of the samples tested was recorded (data not
shown).
Table 2. Reducing power (absorbance values at 700 nm) of peel and pulp extracts (at
concentration 12.5 mg/mL) from different cultivars of apple (Malus domestica Borkh.) fruit.
Variety
Golden Delicious
Red Delicious
Kashmiri Amri
Kala Kulu
Sky Spur

Peel
2.66 ± 0.05 aa
2.89 ± 0.04 aa
2.60 ± 0.06 aa
2.69 ± 0.07 aa
2.54 ± 0.06 aa

Pulp
1.60 ± 0.04 ba
1.73 ± 0.04 ba
1.37 ± 0.02 ba
1.69 ± 0.03 ba
1.49 ± 0.03 ba

Data are mean ± SD (n = 3 × 3, P < 0.05); Different superscript letters within the same column
indicate significant differences (P < 0.05) among cultivars; Different subscript letters within the
same row indicate significant differences (P < 0.05) between peel and pulp.

The reductive capability of apple fruit as determined in the present analysis was comparable to
those reported in longan fruit extract [26]. Analysis of variance (ANOVA) indicated that the reductive
capability of apple peel extracts was significantly higher than pulp extracts. This might be due to the
fact that reductants/phenolics compounds are present in higher concentrations in the outer tissues (peel
and sub-epidermal tissue) of the fruits than in the inner tissues (mesocarp and pulp) [1,19,25]. There
was no significant cultivar effect on the reducing power of the peel and pulp.
2.3. DPPH Radical Scavenging Activity
The characteristic feature of antioxidants to scavenge DPPH free radical is well accepted and is
therefore most often selected as a reliable tool to evaluate the free radical scavenging capacity of
different plant extracts. Interestingly, the DPPH radical assay is incredibly sensitive towards active
ingredients even at lower concentrations. Another beneficial aspect is that this test is time saving and
can be used to analyze a batch of samples in a shorter time. This procedure has been often used for the
assessment of free radical scavenging ability of plant-based antioxidant extracts [27]. It is generally
predicted that DPPH radical scavenging activity, and with it antioxidant activity, is strongly affected
by the amount of phenolic compounds as well as the degree of hydroxylation of the phenolic
compounds [28,29].
The DPPH radical scavenging activity of peel and pulp extracts was tested and compared with
BHA, TBHQ and PG (Figure 1). The absorbance in this assay was recorded at different intervals
(starting with 1 to 12 min) from the beginning of the reaction. Highest variation in scavenging activity,
observed at 5th min of the reaction, was used for calculation purposes. The scavenging activity of
positive control, BHA was found to be higher than those of the peel and pulp extracts. Other positive
controls employed namely TBHQ and PG exhibited comparable scavenging activity with peel extracts,
but showed higher potential than the pulp extracts.
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Figure 1. DPPH radical scavenging activity of 80% methanolic extracts of peel and pulp
from different cultivars of apple (Malus domestica Borkh.) fruit.

Error bars indicate means ± SD (n = 3 × 3); BHA, butylated hydroxyanisole; TBHQ, tertiary butyl
hydroquinone; PG, propyl gallate.

As depicted, the peel extracts derived from all apple cultivars exhibited appreciably higher
scavenging activity, ranging from 66.6–80.8%, compared to pulp extracts, 42.9–51.1% (Figure 1). The
peel extract from Red Delicious showed the highest (80.8%) scavenging activity, whereas lowest
(66.6%) for Sky Spur. In case of pulp extracts, the highest (51.1%) and the lowest (42.9%) scavenging
capacity was recorded for Red Delicious and Kashmiri Amri, respectively. In close agreement to our
present data, in a previous study by Abrosca et al. [1], apple peel and pulp extracts (at 1.0 mg/mL)
showed 78% and 55% DPPH radical scavenging capacity, respectively.
No significant variation of radical scavenging capacity, was observed among the tested apple
cultivars, however, the difference between peel and pulp parts of the fruits was significant. High
radical scavenging activity of peel extract compared with that of pulp extract might be linked to the
presence of greater amount of phenolic compounds, flavonols and anthocyanins in the former. It has
been reported that free radical scavenging activity of plant based food (fruits and vegetables) extracts
is mainly due to phenolic compounds, which are mostly distributed in the epidermal tissue [1,30]. It is
widely accepted that antioxidant activity of plant-derived extracts is largely due to the ability of
intrinsic phenolics to donate hydrogen atoms or electrons to capture the free radicals [31].
2.4. Antioxidant Activity of Apple Peel and Pulp Extracts in Linoleic Acid Peroxidation System
The inhibition of linoleic acid peroxidation was also used to appraise the antioxidant activity of
apple fruit extracts. Both apple fruit parts (peel and pulp) exhibited appreciable inhibition of linoleic
peroxidation as shown in Figure 2. The inhibition of peroxidation ranged from 71.7 to 84.9% for the
peel extract, whereas 43.9 to 52.8% for the pulp extract. The peel of Kala Kula and Kashmiri Amri
exhibited the highest (84.9%) and lowest (71.7%) inhibition of peroxidation, whereas; in case of pulp
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extract Golden Delicious and Sky Spur offered the highest (52.8%) and lowest (43.9%) inhibition of
peroxidation, respectively.
Figure 2. Antioxidant activity of 80% methanolic extracts of peel and pulp from different
cultivars of apple (Malus domestica Borkh.) fruit.

Error bars indicate means ± SD (n = 3 × 3); BHA, butylated hydroxyanisole; BHT,
butylated hydroxytoluene.

A significant difference in percent inhibition of peroxidation was observed between peel and pulp
parts of the five cultivars of apple fruit. However, variation of these data among different cultivars was
found to be non-significant. Considerable inhibition of linoleic acid peroxidation by peel and pulp
extracts tested might be attributed to the presence of phenolics, anthocyanins, epicatechin and
flavone-3-ol in these fruits [25].
2.5. Minerals
Minerals play a key role in various physiological functions of the body, especially in the building
and regulation processes [32]. Apples are considered as a good source of dietary minerals. The results
as given in Table 3 of the main mineral and trace elements of the tested apple cultivars showed
that all the samples analyzed contained higher amount of potassium (K) followed by calcium (Ca),
magnesium (Mg) and sodium (Na). The contents of K and Ca in apple peel and pulp ranged from
695.3–980.9 and 443.6–790.1 mg/100 g DW and 35.6–72.1 and 19.8–48.9 mg/100 g DW,
respectively. The peel and pulp of Golden Delicious exhibited the highest contents of K (980.9 and
790.1 mg/100 g), whereas, lowest (695.3 and 443.6 mg/100 g) in Sky Spur, respectively. The
concentration of Ca was highest in peel (72.1 mg/100 g) and pulp (48.9 mg/100 g) of Red Delicious
while lowest in peel (35.6 mg/100 g) and pulp (19.8 mg/100 g) of Sky Spur.
Potassium is an essential element for normal body growth and maintenance. It also plays a
significant role in the osmoregulation of cells and tissues. Potassium deficiency may cause a variety of
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disorders such as muscular cramps, twitching, and irregular heart beat and kidney failure [32,33].
Calcium is an important constituent of bones and teeth and it is actively involved in the regulation of
nerve and muscle functions [34].
The contents of Mg and Na ranged from 35.7–65.9 and 2.9–7.3 mg/100 g for peel while
15.6–34.8 and 5.3–10.8 mg/100 g for pulp, respectively. In case of peel, Red Delicious and Kashmiri
Amri exhibited the highest (65.9 mg/100 g) and lowest (35.7 mg/100 g) values, whereas for pulp, Red
Delicious and Sky Spur showed the maximum (34.8 mg/100 g) and minimum (15.6 mg/100 g) content
of Mg, respectively. Interestingly, the peel and pulp of Golden Delicious had 7.3 and 10.8 mg/100 g
and Kashmiri Amri 2.9 and 5.3 mg/100 g of Na, respectively.
With regard to the amounts of two essential trace elements, the content of Fe in peel
(1.2–2.4 mg/100 g) and pulp (0.8–2.1 mg/100 g) of the tested apple cultivars was higher compared to
Zn, 0.4–1.2 mg/100 g in peel and 0.2–0.9 mg/100 g in pulp. The highest content of both of these trace
elements was found in Golden Delicious and the lowest in Sky Spur. Being good sources of these two
essential elements that are in short supply in the normal human diet, the tested fruits, especially Golden
Delicious type apples, can be explored as a potential source of Zn and Fe [35].
The calculation of K, Ca, Mg and Na on a fresh apple serving portion basis was made similarly as
for TP and TF contents. The amount of K, Ca, Mg and Na in Kala Kulu was found to be highest
(160.7, 11.8, 8.2 and 2.8 mg/serving), followed by Golden Delicious (143.9, 13.1, 5.72 and
1.6 mg/serving), Red Delicious (109.1, 14.1, 6.3 and 1.1 mg/serving), Sky Spur (90.11, 5.9, 3.9 and
1.7 mg/serving) and Kashmiri Amri (89.9, 6.24, 3.69 and 0.79 mg/serving), respectively. The contents
of essential trace elements, namely Fe and Zn ranged from 0.11–0.35 and 0.04–0.22 mg/serving, with
the highest value (0.35 and 0.22 mg/serving) exhibited by Kala Kulu while lowest was seen for
Sky Spur (0.11 and 0.04 mg/serving).
Henriquez et al. [21] analyzed important minerals in peel and pulp of five different varieties of
apple fruit on a wet basis, and found the following concentrations: 115.1–165.1 and 68.0–107.7
(mg/100 g of K), 9.8–17.9 and 4–4.7 (mg/100 g of Ca), 21.9–25.5 and 6.3–7.3 (mg/kg of Mg),
7.0–13.0 and 1.6-6.8 (mg/kg of Na), 0.84–0.99 and 0.24–0.55 (mg/kg of Fe), 0.05–0.13 and
0.00–0.03 (mg/kg of Zn), respectively.
The present minerals analysis results were in agreement with those of Nour et al. [36] who reported
that potassium (K) was the most abundant nutrient in fruits of different apple varieties, followed by
magnesium (Mg), calcium (Ca), sodium (Na), and iron (Fe). The content of K and Mg as determined in
our present investigation was found to lower than those reported by Ekholm et al. [37] for apple peel
(1,250 and 70 mg/100 g DW) and peeled Malus sp. (960 and 50 mg/100 g DW), respectively, while the
amount of Ca in both the apple peel (50 mg/100 g DW) and peeled Malus sp. (40 mg/100 g DW) was
comparable with our present data. Several factors, e.g., variety, state of ripeness, soil type, soil
condition, and irrigation regime may cause variation in the mineral and trace elemental contents in
different types of fruits as well as within different parts of the same fruit [38].
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Table 3. Mineral content in peel and pulp tissues of different cultivars of apple
(Malus domestica Borkh.) fruit.
Variety
Golden Delicious
Red Delicious
Kashmir Amri
Kala Kulu
Sky Spur

Golden Delicious
Red Delicious
Kashmir Amri
Kala Kulu
Sky Spur

Part used
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp
Peel
Pulp

Mineral Contents (mg/100 g dry wt)
K
Ca
Mg
a
a
980.9 ± 21.4
61.2 ± 1.32
57.5 ± 1.18 a
bc
b
790.1 ± 17.9
36.7 ± 0.89
23.9 ± 0.49 b
909.7 ± 17.3 b
72.1 ±1.47 a
65.9 ± 1.29 a
693.8 ± 13.9 c
48.9 ± 0.99 b
34.8 ± 0.73 c
724.9 ± 15.5 c
44.7 ± 0.92 b
35.7 ± 0.69 c
490.1 ± 11.2 d
22.9 ± 0.67 d
18.5 ± 0.37 bd
833.8 ± 17.7 b
52.2 ± 1.12 ab
55.8 ± 1.21 ab
550.7 ± 12.9 d
30.5 ± 0.69 bc
24.9 ± 0.49 d
35.6 ± 0.78 bc
41.9 ± 0.87 c
695.3 ± 15.1 c
443.6 ± 11.7 de
19.8 ± 0.41 d
15.6 ± 0.35 d
Na
Fe
Zn
b
a
2.4 ± 0.04
1.2 ± 0.04 a
7.3 ± 0.21
10.8 ± 0.29 a
2.1 ± 0.02 a
0.9 ± 0.01 a
4.7 ± 0.18 c
1.8 ± 0.04 ab
0.9 ± 0.06 a
9.1 ± 0.17 a
1.4 ± 0.05 b
0.7 ± 0.03 b
1.6 ± 0.05 b
0.8 ± 0.05 ab
2.9 ± 0.54 cd
5.3 ± 0.16 c
1.1 ± 0.02 c
0.5 ± 0.03 b
5.9 ± 0.13 c
2.2 ± 0.04 a
1.0 ± 0.04 a
8.2 ± 0.17 ab
1.7 ± 0.03 b
0.8 ± 0.03 ab
1.2 ± 0.02 bc
0.4 ± 0.02 bc
7.0 ± 0.11 b
10.2 ± 0.09 a
0.8 ± 0.13 c
0.2 ± 0.03 c

Data are mean (n = 3) SD ± (n = 3, P < 0.05); Different alphabets in superscript within the same
column indicate significant differences (P < 0.05) between peel and pulp.

2.6. Correlations among the Results Obtained from Different Antioxidant Assays
As far as statistical evaluation of the results of different antioxidant assays is concerned, a good but
varying correlation between TPC and TFC was observed for peel (r = 0.952 ***) and pulp (r = 0.846 **)
extracts of apple fruit, as shown in Table 4. Lin and Tang [39] reported a strong correlation between
total phenolics and flavonoids contents in selected fruits and vegetables. In a previous study by
Vieira et al. [19], TPC and TFC were found to be strongly associated with total antioxidant activity in
different parts (flesh, whole fruit and peel) of three cultivars of apple. These data reveal that phenolic
compounds contribute significantly towards the antioxidant activity. Both the phenolic acids and
flavonoids, being an important plant secondary metabolite, have been commonly recognized for their
potent antioxidant and reductive capacities. Antioxidant activity of these compounds is mainly attributed
to their redox potential [9]. Taking into account the examined parts and cultivars of fruits, in the present
study, the extent of differences in phenolics and flavonoids among the apple cultivars tested was not so
significant compared to that observed between the peel and pulp. In the present investigation, peel of
different cultivars of apple fruit accounted for 1.5–2.0 fold higher antioxidant activity compared to the
pulp extracts. Among the different cultivars tested Red Delicious contained highest amount of TP with
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its highest reduction potential. The correlation between TPC and reducing power of the peel and pulp
extracts was highly significant (r = 0.976 *** and 0.915 ***) as presented in Table 4.
Table 4 Comparison of results from different antioxidant assays as represented by
correlation coefficient (r).

Peel

Pulp

Variable
TPC
TFC
%Inhibition
DPPH
Reducing power
TPC
TFC
%Inhibition
DPPH
Reducing power

TPC
1
0.952 ***
0.480 ns
0.981 ***
0.976 ***
1
0.846 **
0.245 ns
0.969 ***
0.915 ***

TFC

%Inhibition

DPPH

Reducing power

1
0.561 ns
0.965 ***
0.912 ***

1
0.583 ns
0.435 ns

1
0.978 ***

1

1
0.116 ns
0.744 *
0.690 *

1
0.178 ns
0.228 ns

1
0.845 **

1

ns: non significant; *: level of significance.

In case of apple peel extract, a very good correlation between TFC and reducing power
(r = 0.912 ***) and DDPH assay (r = 0.965 ***) was observed, however, this correlation was quite
weak (r = 0.690 * and 0.744 *) in the case of the pulp extract. A highly positive correlation between
TFC and reducing power for peel extract might be attributed to the fact that in peels quercetin
glycosides, flavonols and anthocyanins, due to their high concentration, might have exhibited higher
redox potential and radical scavenging activity compared to that of the pulp.
Likewise, a positive correlation between TPC and scavenging DPPH radical ability of apple peel
and pulp extracts (r = 0.981 *** and 0.969 ***) was also established. The correlation between these
two assays implied that the compounds liable for free radical scavenging activity might be mainly the
phenolics. These phenolic compounds act as free radical scavengers, chain breakers, and electron
donors. Previously, a similar type of high correlation between TPC and DPPH scavenging ability has
been reported for apple and pear fruits peel and pulp extracts [8]. In agreement with our present data,
Abrosca et al. [1] also found a good correlation between total phenolics contents and DPPH free
radical scavenging ability of different apple cultivars. According to Wijngaard et al. [40], a significant
correlation (r = 0.72) was observed between the results of total phenols and DPPH radical scavenging
capacity of different fruits and vegetable byproducts, including apple fruit.
On the other hand, no significant correlation between the results of percent inhibition and reducing
power assay for peel and pulp was recorded in the present experiments, which might be attributed to
the fact that there may be some antioxidative compounds that exhibited their antioxidant activity not
only by donating hydrogen but also by scavenging oxygen. Consequently, plant extracts with such
antioxidant components might display higher degree of percent inhibition as compared to their
corresponding reducing power and thus can offer no significant correlation. Furthermore, as expected,
no significant correlation was observed between percent inhibition and TFC data of peel and pulp
extracts which might be due to the reason that not only the flavonoids but several other compounds
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such as vitamins, anthocyanins, carotenoids etc. also contribute to antioxidant activity in terms of
measurement of percent inhibition of peroxidation [41].
Similarly, no significant correlation between TPC and percent inhibition for peel and pulp extract was
observed in the present analysis which could be explained on the basis that not only the phenolics but
some other compounds such as tocopherols and carotenoids etc. also donate antioxidant activity in
terms of measurement of percent inhibition of peroxidation [41]. Likewise our present trends, total
phenolics and percent inhibition of linoleic peroxidation of different stored apple fruits showed a weak
correlation [42]. The present variation in correlation coefficient among different antioxidant assays
indicates that a single assay is not sufficient to fully appraise the antioxidant attributes of a specific plant
matrix [43,44]. Besides, synergistic effects among different endogenous compounds are another factor
which may also contribute to enhancing the total antioxidant capacity of plant extracts [45].
3. Experimental
3.1. Samples
Fresh fruits of five different apple cultivars, namely Golden Delicious, Red Delicious, Kashmiri
Amri, Kala Kulu and Sky Spur, were collected from the vicinity of Swat city, Khyber Pukhtonkha,
Pakistan and University of Azad Jammu & Kashmir, Rawalakot campus, Rawalakot, Azad Kashmir,
Pakistan. Three different samples of each cultivar were randomly harvested. To ensure that the
cultivars were the same, the fruits were further identified and authenticated by the Department of
Horticulture, University of Agriculture, Faisalabad, Pakistan.
3.2. Chemicals and Reagents
Linoleic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, Folin-Ciocalteu reagent, butylated
hydroxyanisole (BHA) butylated hydroxytoluene (BHT), tertiary butyl hydroquinone (TBHQ), propyl
gallate (PG) and gallic acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All
other chemicals and reagents (analytical grade) used were from Merck (Darmstadt, Germany) or
Sigma Aldrich (Buchs, Switzerland), unless stated otherwise.
3.3. Sample Preparation
After washing with tap water, the fruits were peeled off with the aid of a steel knife. The seed were
removed from the pulp manually and the pulp and peel recovered were sliced into approx. 1 × 1 cm slices.
3.4. Dry Matter Determination
In view of the varying levels of moisture among apple fruit varieties, we made all calculations on
dry matter basis. For dry matter determination, AOAC procedure (method 925.10) was followed [46].
Briefly, known weight (5.0 g) of the sample was subjected to an electric-oven (Memmert, Germany)
drying using 105 °C temperature, until constant weight achieved.
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3.5. Antioxidant Activity of Fruits
3.5.1. Extraction
Homogenized fruit sample (each 20 g) was extracted with aqueous methanol (200 mL, methanol-water,
80:20, v/v) at room temperature for 8 hours using an orbital shaker (Gallenkamp, UK). The residue
was separated from the extract by filtering through Whatman filter paper No. 1 and re-extracted twice
with fresh solvent. The three recovered extracts were pooled and then excess of the solvent was
distilled off in a vacuum rotary evaporator (EYELA, Tokyo, Japan) at 45 °C. The semi-solid crude
concentrated extracts obtained were stored at 4 °C, until used for further experimentation.
3.5.2. Determination of Extract Yield
The yield of extract (extractable components) expressed on dry weight basis of peel and pulp was
calculated from the following equation:
Yield (g/100 g) = (W1 × 100)/W2
where W1 is the weight of the extract residue obtained after solvent removal and W2 is the weight of
peel or pulp taken.
3.5.3. Determination of Total Phenolics Content (TPC)
A calorimetric technique, based on Folin-Ciocalteu reagent, was employed to determine the amount
of total phenolics [47]. The procedure involved the mixing of crude extract (50 mg) with
Folin-Ciocalteu reagent (0.5 mL) and deionized water (7.5 mL). After allowing the mixture to stand
for ten minutes at ambient (room) temperature, 20% aqueous sodium carbonate (w/v, 1.5 mL) was
added. The mixture was incubated at 40 °C in a water bath for 20 min, followed by cooling using an
ice bath. The absorbance of the final mixture was recorded at 755 nm (Spectrophotometer U-2001,
Hitachi Instruments Inc., Tokyo, Japan). For calculation of TP amount, standard gallic acid calibration
curve prepared by running solutions in the concentration range of 10–200 ppm (R2 = 0.9980) was used.
The results were expressed as gallic acid equivalents (GAE) mg/100 g of dry matter.
3.5.4. Determination of Total Flavonoid Contents (TFC)
Amounts of TF were estimated calorimetrically. A previously described method [48] was used
wherein fruit extract (1 mL containing 0.1 mg/mL dry matter) was mixed with water (4 mL) in a
10 mL volumetric flask. At the start, aqueous 5% NaNO2 (3 mL) was added to the volumetric flask
then at 5 min, 10% AlCl3 (0.3 mL) and at 6 min, 1.0 M NaOH (2 mL) were added sequentially.
Finally, the volume was made up to 10 mL by adding more distilled water and the reaction mixture in
the flask was mixed thoroughly for homogenization. The absorbance was noted at 510 nm using a
spectrophotometer. TFC were calculated using a standard calibration curve, prepared by analyzing
catechin standard solutions within the concentration range of 10–100 mg/L (R2 = 0.9989). The
amounts were reported as catechin equivalents (mg CE/100 g of dry matter).
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3.5.5. DPPH.Scavenging Assay
2,2’-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging capacity of the extracts was
assessed following a previously described procedure [49]. In brief, freshly prepared DPPH methanolic
solution (5.0 mL, 0.025 g/L) and the extract (1.0 mL, containing 25 μg/mL of dry matter in methanol)
were mixed in a test tube. Absorbance of the reaction mixture was recorded at different time intervals
(starting with 0 time to 10 min) at wavelength of 515 nm against a control. A control, containing all
reagents, except the fruit extract was processed under similar conditions. Synthetic antioxidants,
namely tert-butylhydroquinone (TBHQ), butylated hydroxyanisole (BHA) and propyl gallate (PG) at
concentrations of 25 ppm were used as positive controls. The percent remaining amounts of DPPH
radical (DPPH.) were calculated from the calibration curve. Absorbance measured at the 5th min was
used for comparison of the radical scavenging activity of the extracts.
3.5.6. Determination of Antioxidant Activity in Linoleic Acid System
The antioxidant activity of the tested apple fruit extracts was also determined by measuring the
inhibition of linoleic acid peroxidation [50]. For this purposes, the extract (5 mg of each fruit) were
added separately to an emulsion which contained solution of linoleic acid (0.13 mL), 99.8% ethanol
(10 mL) and 10 mL of 0.2 M sodium phosphate buffer (pH 7). The mixture was made up to 25 mL
with distilled water and incubated at 40 °C up to 360 h. The magnitude of linoleic acid oxidation was
measured by peroxide data using the thiocyanate method as described by Yen et al. [51]. Briefly, in a
flask, ethanol (10 mL, 75% v/v), aqueous solution of ammonium thiocyanate (0.2 mL, 30% w/v),
sample solution (0.2 mL) and ferrous chloride (FeCl2) solution (0.2 mL, 20 mM in 3.5% HCl v/v) were
added sequentially. After 3 min of vortexing, the absorbance of the reaction mixture was recorded at
500 nm with a spectrophotometer. A control, containing all reagents, except the extracts was also
processed under similar conditions. Synthetic antioxidants, butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA) were used as positive controls. Percent inhibition of linoleic acid
oxidation was calculated using following equation:
100 − [(Abs. increase of sample at 360 h/Abs. increase of control at 360 h) × 100]
3.5.7. Determination of Reducing Power
The reducing power of the extracts was determined according to a previously described
procedure [52] with slight modifications. The extracts (2.5–12.5 mg/mL) were mixed with sodium
phosphate buffer (5.0 mL, 0.2 M, pH 6.6) and potassium ferricyanide (5.0 mL, 1.0%) in a test tube.
The reaction mixture was incubated at 50 °C for 20 min in a water bath and then 10% trichloroacetic
acid (5 mL) was added followed by centrifugation of the mixture at 980 g for 10 min at 5 °C
(CHM-17; Kokusan Denki, Tokyo, Japan). After centrifugation, the upper layer of the solution (5.0 mL)
was collected and diluted further by adding distilled water (5.0 mL) and ferric chloride (1 mL, 0.1%).
The absorbance of the final solution was read at 700 nm using a spectrophotometer.
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3.6. Mineral Composition
3.6.1. Preparation of Samples for Mineral Analysis
Briefly, dried samples of apple peel and pulp (1.0 g in each case) were transferred into digestion
flasks containing concentrated HNO3 (5 mL). Similarly, in another digestion flask, a blank sample was
prepared by adding HNO3 (5 mL), but without the sample [53]. The flasks were heated for 2 h on an
electric hot plate (HP 220, UTEC Products Inc., Albany, NY, USA) at 80 to 90 °C, after that,
temperature was raised to 150 °C, letting to boiling the solution. Meanwhile, appropriate volume of
concentrated HNO3 and 30% hydrogen peroxide (H2O2) were added to the flasks, occasionally and
boiling continued until clear solutions were obtained indicating the completion of the digestion process
and oxidation of the organic matter. The contents of the flasks were allowed to cool at room
temperature then a small amount of distilled water was added and the solution filtered through
Whatman No. 42 (<0.45-μm Millipore) filter paper. Finally, the volume was made up to 25-mL in a
volumetric flask by adding distilled water.
3.6.2. Preparation of Standards and Analysis of Samples
For quantitative purposes, working standard solutions of the elements namely sodium (Na),
calcium (Ca), potassium (K), magnesium (Mg), iron (Fe), and zinc (Zn) were prepared from the stock
standard solutions containing 1,000 mg/L of an element in 2 N nitric acid. Calibration and
measurement of Ca, Mg, Fe and Zn was done on an atomic absorption spectrophotometer (A Analyst
300, Perkins Elmer, Waltham, MA, USA) whereas, Na and K were analyzed on a flame photometer
(Sherwood, UK). Standard calibration curves were constructed for each element individually using
linear correlation by least square method. A blank reading was also recorded to make necessary
corrections during calculation of elemental concentrations.
3.7. Statistical Analysis
Three different samples of each fruit cultivar were randomly assayed. Each sample was analyzed
individually in triplicate and data are reported as mean (n = 3× 3 × 1) ± SD (n = 9). The data generated
was subjected to analysis of variance (ANOVA) using Minitab 2000 Version 13.2 statistical software
(Minitab Inc., State College, PA, USA). The correlation analysis was done using the Pearson linear
correlation method at the significance level of 0.05.
4. Conclusions
The phenolic components, antioxidant activity and mineral composition of peel and pulp tissues of
different cultivars of apple fruit grown in Pakistan were compared. Nutritionally, among apple
cultivars analyzed, the highest per serving basis contribution of total phenolics and total flavonoids
was provided by Red Delicious, and the lowest by Sky Spur. On the other hand the Kala Kulu cultivar
offered the maximum amount of minerals on a per serving basis than others. The peel of the apple
cultivars tested exhibited higher contents of phenolics and better antioxidant activity coupled with
higher amounts of valuable minerals compared to those in the pulp suggesting that fruit peel removal
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may induce more significant nutrient losses. As with many other fruits, vegetables and grains, apple
consumption along with peel could provide more nutritive and medicinal benefits.
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