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Abstract: The nutritional value of the peeled and unpeeled fruit (peel plus flesh tissues) was studied
using four peach (Prunus persica L.; Red Heaven, Maria Blanca, Big Top, and Queen Giant), two pear
(Pyrus communis L.; Santa Maria, Pyrus pyrifolia N.; Nashi), and three apple (Malus domestica Borkh.;
Gala, Granny Smith, and Red Chief) cultivars. Based on principal components analysis (PCA) models,
there was a clear differentiation among the cultivars” and the peeled fruits’ nutritional characteristics
in comparison to the unpeeled ones. Increased antioxidant capacity and content of total phenols
and flavonoids of peaches (Red Heaven and Maria Blanca) versus nectarines (Big Top and Queen
Giant) were recorded. In contrast, nectarines were characterized by higher hydroxycinnamates
and dry matter. The apples’ cultivar Granny Smith exhibited a high level of titratable acidity (TA),
while the Gala displayed a high level of soluble solids concentration (SSC), carotenoids, dry matter,
hydroxycinnamic acids, and flavonols at the unpeeled fruit, whereas the Red Chief by increased
anthocyanins, antioxidant capacity, total phenols, and flavonoids. Nashi pears with peel were more
beneficial due to the strong skin contribution in the fruits’ beneficial compounds content. The peel of
the Granny Smith cultivar was associated with an increased level of P, K, Ca, and Mg, whereas that
of Red Chief with increased anthocyanins and Mg content.
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1. Introduction

Diets high in fruits are widely recommended for their health-promoting properties [1].
Particularly, apple, pear, and peach are economically important fruits that are highly ap-
preciated by consumers worldwide. At the peel tissue of these fruits, bacteria or other
microorganisms harmful to human health could be developed as well as high concentra-
tions of pesticide residues might be detected [2,3]. Despite the fact that peel is burdened
with these accuses, it plays the role of the physical barrier between the environment and
fruits, developing mechanisms of response to different stresses such as the anthocyanin
accumulation [4,5].

It is widely accepted that several beneficial substances (e.g., flavonoids, hydroxycin-
namic acids, flavonols, anthocyanins, carotenoids) are highly accumulated in the peel
compared to flesh tissue of various fruits, including peaches [6-9], pears [10,11], and ap-
ples [12-14]. It has been also reported that the peel tissue of these fruit species accumulates
higher content of minerals such as Ca, Mg, P, Fe, Mn, Zn than the flesh tissue [15-18]. Al-
though the increased content of these beneficial compounds at the peel is well documented,
the contribution of the peel to the nutritional value has not been fully deciphered at the
high commercial fruit species, including peaches, pears, and apples. Thus, the aim of this
study was to characterize the differences in quality, antioxidant-related traits, and nutrient
elements between peeled and unpeeled fruits of various peach, pear, and apple cultivars.
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2. Materials and Methods
2.1. Fruit Material and Sample Processing

Fruits of three different species, namely peach, apple, and pear were collected at the
commercial harvest stage and subsequently stored at 1 °C for two weeks (peach) or two
months (apple and pear). Regarding the peach study, the cultivars, Red Heaven (yellow-
flesh), Maria Blanca (white-flesh), Big Top (yellow-flesh nectarine,) and Queen Giant
(white-flesh nectarine) were used. Further, three apple (Gala, Granny Smith, Red Chief)
and two pear (Santa Maria (Pyrus communis L.) and Nashi (Pyrus pyrifolia N.)) cultivars
were tested. Immediately after the cold storage, ten fruits of each cultivar without any
visual defects or decay were selected. Each individual fruit was divided into four quarters,
and the two opposite quadrants were peeled (named peeled), and the other two quadrants
remained unpeeled (named unpeeled). One part of the two quadrants of the unpeeled
or peeled fruit was used for soluble solids concentration (SSC) and titratable acidity (TA)
determination, while another part was used for dry matter measurement, and the rest of
the part was used for the biochemical analyses.

2.2. Fruit Quality Characteristic
2.2.1. Fruit Soluble Solids Concentration and Titratable Acidity

Fruit soluble solids concentration (5SC) was determined at 1 mL fruit juice supernatant
of peeled or unpeeled fruit, after juice centrifugation at 10,000 g for 10 min at 4 °C, using
a refractometer (model ATAGO, digital hand-held pocket refractometer PAL-1, ATAGO
Japan). Titratable acidity (TA) was determined at unpeeled or peeled fruit juice based
on juice acidity neutralization. In a glass jar, 100 mL of dH,O were mixed with 1mL
juice supernatant and titrated with 0.01 N NaOH under continuous stirring and pH-
measurement (model Hanna inst. HI8424, with probe HI 1230) until the endpoint of pH
8.2. SSC was expressed as percentage Brix and TA as was expressed as percentage malic
acid based on the standard curve of known malic acid concentrations.

2.2.2. Dry Weight of Peeled and Unpeeled Fruit

The dry weight of peeled or unpeeled fruit was determined after tissue heating at
65 °C in an oven until full internal water evaporation and constant weight acquisition (at
least for three days). Dry weight was expressed as the percentage of fresh fruit tissues.

2.3. Antioxidant-Related Traits of Peeled and Unpeeled Fruits

For the biochemical analysis, peeled or unpeeled tissues were grounded with liquid
N, in a mechanical blender until a fine powder. Polyphenolic antioxidant substances were
extracted according to Asami [19]. One gram of ground tissue was homogenized with
10 mL of extraction solution (70% acetone and 0.5% acetic acid). The homogenate was
placed at 4 °C in the dark for 48 h; after centrifugation (10,000 x g, 4 °C, 10 min), an aliquot
of the supernatant was used for the analysis.

Antioxidant capacity based on 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay was de-
termined, according to Karagiannis [20], with slight modifications. In 2.9 mL of the DPPH
solution (100 uM DPPH in pure methanol), 100 puL of antioxidant substances extract were
added and then incubated for 120 min in the dark. The absorbance was measured at 593 nm
(Tecan infinite M200 PRO), and results were expressed in equivalents of mg Trolox 100 g~
FW based on the standard curve of known Trolox concentrations.

The total phenols content was determined following the Folin-Ciocalteu method [19,21],
with slight modifications. The polyphenolic antioxidant extract (0.5 mL) was mixed with
2.5 mL of Folin—Ciocalteu reagent (ratio 1:10, Folin—Ciocalteu: dH,O), and after 2 min,
2 mL of 7.5% w/v Na,CO3 were added, and the mixture was immersed in a water bath for
5 min at 50 °C. Absorbance was measured at 760 nm (Tecan infinite M200 PRO), and results
were expressed in the equivalents of mg Gallic acid 100 g~! FW based on the standard
curve of known gallic acid concentrations.
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Determination of flavonoids was performed, according to Cvek [22], with slight
modifications. In 200 pL of polyphenolic antioxidant extract 540 uL dH,O, 30 uL 5%
NalNO,, 30 uL. 10% AlClz 6H,0, and 200 puL of 1 M NaOH were added. The mixture
was placed in the dark at room temperature for 90 min. The absorbance was measured at
510 nm (Tecan infinite M200 PRO) and results were expressed in equivalents of mg rutin
100 g’1 FW, according to the standard reference curve.

Total anthocyanins, hydroxycinnamic acids, and flavonols content were determined,
according to Obied [23], with modifications. In 100 uL of polyphenolic antioxidant extract,
absolute ethanolic solutions of 0.1% HCl (100 pL) and 2% HCI (800 uL) were added. The
absorbance was measured at 560 nm for total anthocyanins, at 360 nm for flavonols, and
at 320 nm for hydroxycinnamic acids (Tecan infinite M200 PRO). The reference curve was
constructed with standard cyanidin, rutin, and caffeic acid, respectively. The results were
expressed in equivalents of mg cyanidin, rutin, and caffeic acid 100g~! FW respectively.

Carotenoids extraction was performed, according to Kuti [24], with modifications
from 0.1 g of ground tissue by adding 1.8 mL hexane: acetone:ethanol (50:25:25 v/v) and
after incubation for 24 h at 5 °C in darkness. Carotenoid content was measured at 450 nm
(model UV-1700 Pharmaspec, Shimadzu, Kyoto, Japan) and the results were expressed in
equivalents of pg B-carotene g~ ! FW.

2.4. Mineral Analysis of Peeled and Unpeeled Fruits

Total phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), manganese
(Mn), zinc (Zn), iron (Fe), and copper (Cu) contents of peeled and unpeeled fruits were
determined as previously described [25-27]. Fruit tissues were dehydrated at 65 °C until
constant weight, ground to a fine powder under liquid Nj, and then was placed at 500 °C
overnight (till ash). The ash was dissolved in 10 mL of 3.6 N HCl and 1.4 N HNO3. The
filtered solution was filled to a final volume of 25 mL with ddH2O. Total P, K, Ca, Mg,
Mn, Zn, Fe, and Cu contents were determined by inductively coupled plasma optical
emission spectrometry (ICP-OES) system (Perkin Elmer Optima 2100 DV). The results were
expressed as ppm of dry weight (DW).

2.5. Statistical Analysis

For all data, the statistical analysis was conducted using SPSS (SPSS v23.0., Chicago,
IL, USA). T-test analysis between peeled and unpeeled fruits with a significance level
P < 0.05 was carried out. Fold-change was based on log, of the ratio of unpeeled to peeled
fruit. Additionally, a 95% lower and upper bound of the confidence interval in individual
fruits was carried out in a one-way ANOVA. If the ratio of the logarithm was 95% lower,
and the upper confidence interval was positive, then increased values of the unpeeled fruit
relative to the peeled for this variable and cultivar was indicated, while a negative presence
indicated decreased values in this variable and cultivar. In the cases of a positive presence
for the 95% upper confidence interval and negative for the lower or the inverse, then there
was no clear change of this parameter for this cultivar. The principal components analysis
(PCA) was carried out between a peeled and unpeeled peach, apple, and pear fruits, as
well as for the ratio of the logarithm of unpeeled to peeled to detect simple patterns and
differences. The Kaiser-Meyer-Olkin (KMO > 0.6) measure of sampling adequacy and
Bartlett’s test of sphericity (<0.001) were used as indicators in the PCA model’s construction,
according to Michailidis [28,29]. Variable with extraction under 0.5 were rejected to avoid
the low representation of variables in the PCA model.

3. Results
3.1. Fruit Peeling

The differences between peeled and unpeeled fruit, concerning the soluble solids
concentration (SSC), were found only in Santa Maria pear based on SSC fold-change as
95% confidence interval of the lower and upper values were negative (Table 1), indicating
a lower level of SSC in unpeeled pear. The titratable acidity (TA) of unpeeled Big Top
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peach fruits and of both pear cultivars were lower (P < 0.05) in comparison to the peeled.
An increased TA was observed for Red Haven peach and Santa Maria pear based on the
log-ratio of unpeeled to peeled fruit (Table 1).

Table 1. Physio-biochemical properties of unpeeled and peeled fruit.

Fold-Change

1
Unpeeled Peeled p-Value (Unpeeled/Peeled; Log)
Cultivar Mean SD Mean SD Mean Lower Upper
Peach Red Heaven 12.18 1.06 11.88 1.18 0038  —0.013 0.089
Maria Blanka 13.49 0.93 134 0.98 0.01 —0.06 0.08
Big Top 12.19 1.58 13.45 1.17 0148  —031 0.014
Soluble solids Queen Giant 13.24 0.86 12.92 1 0036  —0.033 0.105
concentration (SSC, Pear Santa Maria 13.44 0.9 13.97 1.02 —0.055 —0.076 —0.034 —
% Brix) Nashi 14.84 1.03 14.71 1.1 0013  —0.038 0.064
Apple Gala 15.42 1.03 15.19 0.98 0022  —0.048 0.092
Granny Smith 11.62 0.57 11.84 0.52 0027  —0.06 0.006
Red Chief 14.78 1.28 14.85 1.37 —0.006  —0.094 0.082
Peach Red Heaven 238 021 2.54 0.15 0095  —0.174 ~0016  —
Maria Blanka 221 0.08 2.32 0.17 —0068  —0.178 0.042
Big Top 251 0.22 2.73 023 * 0119  —024 0.002
Queen Giant 2.26 0.13 2.29 0.15 —0021  —0.158 0.116
TEtTr zt'i‘/’le zclﬁét)y Pear Santa Maria 043 005 05 0.05 * —0194  —0347  —0041 -
s /o Nashi 0.28 0.03 0.32 0.04 * —0157  —0.337 0.023
Apple Gala 0.45 0.06 0.46 0.06 ~0039  —0.175 0.097
Granny Smith 0.94 0.07 0.95 0.12 0014  —0.19 0.162
Red Chief 048 0.04 0.44 0.05 0132  —0.093 0.357
Peach Red Heaven 15 0.68 14.14 0.46 *+ 0.085 0.033 0137  +
Maria Blanka 14.88 1.09 14.07 0.92 0.079 0.027 0131  +
Big Top 16.37 133 15.63 113 0.066 0.02 0112+
Queen Giant 15.46 0.91 14.75 0.96 0.068 0.013 0123  +
Dry weight (%) Pear Santa Maria 16.31 145 15.72 1.19 0052  —0.007 0.111
Nashi 17.59 0.97 16.42 1.14 * 0.1 0.059 0141  +
Apple Gala 18.97 146 17.62 1.1 * 0.105 0.042 0168  +
Granny Smith 16.14 0.51 15.65 0.64 0.045 0.013 0077  +
Red Chief 17.96 141 17.12 151 0.07 0.01 0.13 +
Peach Red Heaven 807.54 25596  490.04  133.82 *+ 0.692 0.309 1075  +
Maria Blanka 707.16  355.89 41379 3137 1.053 0.139 1967  +
Big Top 719.35 18841 50355  225.12 * 0.606 0.305 0907  +
Antioxidant Queen Giant 5194 22613 391.66  210.96 048 0.053 0907  +
capacity (DPPH, Pear Santa Maria 779.05 15818  798.14  146.78 0041  —0268 0.186
ug trolox/g) Nashi 66491 16428 12583  59.49 2512 1.706 3318+
Apple Gala 1189.8 17045 61736  117.96 ot 0.958 0.781 1135  +
Granny Smith 10028 17979 7549 18891 *t 043 0.247 0613+
Red Chief 136949 137.56 76329  158.42 ot 0.864 0.532 1196  +
Peach Red Heaven 124745 30225 94991  157.66 * 0.369 0.087 0651  +
Maria Blanka 112232 53255  884.15  517.92 0437 0.062 0812  +
Big Top 1189.98 42628 96024  374.38 0.326 0.204 0448  +
Queen Giant 8188  331.83 60775  283.86 0.448 0.125 0771+
?Otal Eﬁggg‘;n/ol;’ Pear Santa Maria 116998 18504 101115 179.86 0215 0.07 0.36 +
HE & & Nashi 993.44 17445 39618  58.84 1322 1.009 1.635  +
Apple Gala 15317 27258 108134  192.65 ot 0.503 0.144 0862  +
Granny Smith ~ 1297.03 20514 106574  208.29 * 0.293 0.161 0425  +
Red Chief 1628 168.01 1139.82 156.13 wt 0.52 0.344 069  +
Peach Red Heaven 91279 22013 72265  198.18 0342  —0.263 0.947
Maria Blanka 80222 45413  558.86  300.57 0523  —0.029 1.075
Flavonoids (ug Big Top 63298 35418 38181  239.17 0.796 0.512 1.08 +
rutin/g) Queen Giant 37077 16298 22572  139.92 * 0.824 0.442 1206  +
Pear Santa Maria 702.65 153.99 617.61 148.7 0.193 —0.022 0.408

Nashi 585.7 113.89 170.81 31.73 o 1.778 1.412 2.144 +
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Table 1. Cont.

Fold-Change

Unpeeled Peeled p-Value (Unpeeled/Peeled; Log,)
Cultivar Mean SD Mean SD Mean Lower Upper
Flavonoids ( Apple Gala 113757 19355 589.86  118.62 ook 0.954 0.777 1131+
ruting) e Granny Smith 876 1987 69227  203.82 0.362 0.114 0.61 +
& Red Chief 131248 20147  649.07  122.39 wok 1.025 0.641 1409  +
Peach Red Heaven 889.76 70497 37177 47365 2494  —0283 5271
Maria Blanka ~ 732.83  393.18 43028 21542 * 0853  —0.055 1.761
Big Top 113838 49541 16049 9561 oot 3207 1.795 4619  +
Queen Giant 249681 922.18 49785  339.33 2.871 0.849 4893  +
Anzh(;;}ifg?rtr/ls )(ug Pear Santa Maria nd nd 0 0 0
y 8 Nashi nd nd 0 0 0
Apple Gala 49223 24621 nd wok 4.844 4017 5671  +
Granny Smith nd nd 0 0 0
Red Chief 139346 44342 nd 6.477 6.043 6911  +
Peach Red Heaven 26896 8596 21168  70.8 0342  —0.081 0.765
Maria Blanka ~ 237.14  87.02  208.17  26.87 0066  —0.638 0.77
Big Top 34226 8757 27778 5385 0.284 0.079 0489  +
Queen Giant 31046 6359 30961 6791 0007  —0.171 0.185
}(Iydi‘;}‘fﬁg‘aﬁc‘;‘/atf Pear Santa Maria 32701 3603 2863 1557 o 0.186 0.035 0337  +
HE & Nashi 32054 2076 30313  17.66 0.08 ~0.003 0.163
Apple Gala 41299 7989 39149  46.87 0062  —0275 0.399
Granny Smith 32143 5862 30469 7175 0092  —0225 0.409
Red Chief 40639 7554 35586  37.39 0.179 0.006 0352  +
Peach Red Heaven 12295 4072 11649  94.84 0285  —0.336 0.906
Maria Blanka ~ 103.05 3355  79.04 1357 0.33 ~0.062 0.722
Big Top 13505 3686 913 30.5 ** 0.584 0.407 0761  +
Queen Giant 11119 4033 777 3043 0518 0.087 0949  +
Fla;’é’tri‘lf}s gug Pear SantaMaria 13895 4278 3851  12.02 rer 1841 1404 2278+
& Nashi 5076 1585 35 13.02 * 0574  —0.104 1.252
Apple Gala 20032 5511 12626  47.04 * 0.695 0.165 1225 o+
Granny Smith 10834  51.89 10244  59.7 0345  —0.633 1.323
Red Chief 15411 4022 12312 4674 0.393 0.023 0763  +
Peach Red Heaven 9.45 2.02 8.6 217 0149  —0311 0.609
Maria Blanka 0.39 047 0.09 0.13 2182 0216 4148  +
Big Top 6.38 291 5.39 252 0217  —0378 0.812
Queen Giant 0.03 0.01 0.03 0.02 —0.053  —0711 0.605
Cirigiﬂféﬁ? (*)Lg Pear Santa Maria 0.31 0.22 0.19 0.15 0457  —2.034 2.948
& Nashi 0.59 0.26 0.03 0.01 4.094 2612 5576  +
Apple Gala 2.65 0.65 2.29 0.78 0.24 ~0275 0.755
Granny Smith 1.15 0.17 047 0.13 oot 1.311 0.944 1678  +
Red Chief 2.17 04 1.59 047 * 0487  —0.004 0.978

*P <0.05 * P <0.01,** P <0.001, (—) indicates a decrease in whole fruits, (+) indicates an increase in whole fruits, nd indicates not
detected. Fold-change of unpeeled to peeled expressed as logarithm base two with 95% confidence interval of lower and upper bound in
four peach cultivars (Red Heaven, Maria Blanca, Big Top, Queen Giant), two pear cultivars (Santa Maria, Nashi), and three apple cultivars
(Gala, Granny Smith, Red Chief) after cold storage.

The dry weight (DW) of unpeeled Red Heaven peach (P < 0.01), Nashi pear, and
Gala apple (P < 0.05) were higher compared to the peeled ones. Increased levels of DW in
unpeeled fruits of all cultivars were determined as fold-change that had positive values in
both 95% lower and upper confidence intervals, with the only exception of the Santa Maria
pear (Table 1). The antioxidant capacity of the unpeeled Red Haven peach (P < 0.01) and
Big Top nectarine (P < 0.05), Nashi pear (P < 0.001), and the three apple cultivars (Granny
Smith (P < 0.01), Gala, and Red Chief (P < 0.001)) were higher compared to the peeled ones
(Table 1). A higher antioxidant capacity of unpeeled fruits of all tested cultivars, except
for Santa Maria pear, was noticed (Table 1). Polyphenol content of unpeeled Red Haven
(P £ 0.05), Granny Smith (P < 0.01), Nashi, Gala, and Red Chief (P < 0.001) fruit was in
higher abundance than the corresponding peeled fruits (Table 1).
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Compared with the peeled, the unpeeled fruits of Maria Blanca (P < 0.05), Big Top,
Queen Giant, Gala, and Red Chief (P < 0.001) had a high anthocyanins content (Table 1). A
higher hydroxycinnamate content of unpeeled Santa Maria pears was observed (P < 0.01),
while increased hydroxycinnamates at unpeeled Santa Maria, Big Top, and Red Chief
fruits were also detected (Table 1). Additionally, an increased content of flavonols in the
unpeeled Nashi (P < 0.05), Big Top, Gala (P < 0.01), and Santa Maria (P < 0.001) fruits
were recorded. Flavonols presented the highest values at unpeeled Big Top, Queen Giant,
Santa Maria, Gala, and Red Chief (Table 1). Carotenoid content was higher at unpeeled Red
Chief (P < 0.01), Nashi, and Granny Smith (P < 0.001) fruits. Carotenoids also accounted
for higher values at unpeeled Maria Bianca, Nashi, and Granny Smith (Table 1).

Regarding the nutrient composition, data indicated that Santa Maria unpeeled fruits
had higher (P < 0.05) P content (Table 2). Further, the unpeeled fruits of both pear cultivars
exhibited increased P content. Potassium was higher (P < 0.01) at unpeeled Queen Giant
and lower (P < 0.05) at unpeeled Gala (Table 2). Calcium content was higher in unpeeled
Maria Bianca, Queen Giant (P < 0.05), Granny Smith (P < 0.01), and Nashi (P < 0.001)
fruits. Unpeeled Queen Giant, Nashi, Gala, and Granny Smith fruits accumulated Ca
in comparison to the peeled ones (Table 2). Magnesium was higher at unpeeled Nashi,
Gala, Red Chief (P < 0.05), Queen Giant (P < 0.01), and Granny Smith (P < 0.001), while
increased levels of Mg at unpeeled fruits of the above-mentioned cultivars were also
detected due to positive values on the lower and upper bounds (Table 2). In addition,
unpeeled Red Heaven, Queen Giant (P < 0.05), Santa Maria, and Gala (P < 0.01) depicted
an accumulation of Mn, and likewise, at these cultivars, a higher Mn in unpeeled fruits was
observed due to the lower and the upper bounds of the fold-change (Table 2). Moreover,
increased Zn was recorded in unpeeled Red Heaven fruits (Table 2). The iron level was
higher at unpeeled Red Heaven (P < 0.05) and Santa Maria (P < 0.01) than the peeled ones.
Furthermore, an increase in Fe at unpeeled Santa Maria pears was documented (Table 2).
Copper content was higher at unpeeled Santa Maria (P < 0.05) but lower at Gala, Granny
Smith (P < 0.05), and Nashi (P < 0.01; Table 2).

Table 2. Nutrient elements composition of unpeeled and peeled fruit at four peach cultivars (Red Heaven, Maria Blanka,
Big Top, Queen Giant), two pear cultivars (Santa Maria, Nashi), and three apple cultivars (Gala, Granny Smith, Red Chief)
after cold storage.

Fold-Change

Unpeeled Peeled p-Value (Unpeeled/Peeled; Logy)
Cultivar Mean SD Mean SD Mean Lower Upper

Peach Red Heaven 43525 709.06 4070  563.86 0.09 —0.14 033

Maria Blanka 3955  565.04 3960  965.47 0.02 ~03 0.34

Big Top 2340 111167 2055  484.66 0.12 —081 1.05

Queen Giant 3505 4849 2950 77611 0.27 ~0.11 0.65
PhOSPhr‘if)uS & Pear Santa Maria 1500  112.85 11725  217.12 * 0.37 0.11 0.64 +
pp Nashi 805 1371 6425 8413 0.32 021 0.43 +

Apple Gala 1745 27137 18775  573.05 —0.04 —0.67 0.58

Granny Smith 1570  73.21 1310  392.15 0.33 ~0.28 093

Red Chief 14725 24644 15525  364.8 ~0.06 ~0.69 0.57

Peach Red Heaven 12650 29843 12275 41833 0.04 ~0.02 0.11

Maria Blanka 11200  596.87 11700  726.72 ~0.06 ~025 0.12
Big Top 9700 74791 10450  855.13 —0.11 02 —002 -
Queen Giant 10625 2795 9475 41833 * 0.17 0.07 0.26 +
POtaSSlr‘;‘)“ (K, Pear Santa Maria 6650  525.89 5950  504.66 0.16 0.06 0.26 +
pp Nashi 6225 44546 6575 37081 ~0.08 —0.14 —002 -
Apple Gala 8175 48894 8925 44721 * ~0.13 021 ~0.05 -
Granny Smith 1570 7321 1310 392.15 0.19 0.02 0.35 +

Red Chief 7100 418.33 7550 890.93 —0.08 -0.29 0.12
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Table 2. Cont.
Fold-Change
Unpeeled Peeled p-Value (Unpeeled/Peeled; Log,)
Cultivar Mean SD Mean SD Mean Lower Upper
Peach Red Heaven 350 13891 4025  166.16 018  —071 0.35
Maria Blanka 445 78.36 335 18.54 * 0.39 ~0.01 0.79
Big Top 475 25286 335 121.9 0.29 ~0.26 0.83
Queen Giant 790 14853 470 18553 * 0.81 0.05 1.57 +
CalC1u$)(Ca' Pear Santa Maria 8025 12851 835 34848 0.03 —0.6 0.65
pp Nashi 2575 6471 70 18.96 wok 1.88 1.09 2.67 +
Apple Gala 2325 10443 195 89.09 14 0.53 227 +
Granny Smith 130 20.92 75 2339 * 0.84 0.25 142 +
Red Chief 975 6275 95 326 —013 078 0.52
Peach Red Heaven 530 68.81 495 87.77 0.11 —0.07 0.28
Maria Blanka 510 60.21 460 80.72 0.16 ~0.19 0.51
Big Top 3575 15875 300 66.73 0.19 ~0.51 0.9
Queen Giant 5975 9074 3875 7955 * 0.64 0.22 1.06 +
Magm“ﬁg‘ Mg, ™ pear Santa Maria 4525 731 390 121 025 —0.1 0.6
pp Nashi 210 5618 1325 2592 * 0.64 035 0.94 +
Apple Gala 320 3491 2025 7148 * 0.75 0.05 1.46 +
Granny Smith 215 559 145 20.92 ook 0.58 0.32 0.84 +
Red Chief 205 30.1 150 31.87 * 047 0.22 0.72 +
Peach Red Heaven 37 051 3 0.29 * 0.3 0.17 0.42 +
Maria Blanka 46 0.95 432 1.02 0.1 ~0.19 0.4
Big Top 246 052 355 251 034  —101 0.34
Queen Giant 3.02 0.26 247 0.29 * 0.29 021 0.38 +
Ma“ga“fi)e M, pear Santa Maria 3.02 023 231 0.23 * 0.39 0.28 05 +
pp Nashi 217 03 1.74 0.33 033 —021 0.87
Apple Gala 291 0.36 1.98 0.32 * 0.57 0.38 0.75 +
Granny Smith 1.67 0.16 1.58 0.33 0.1 —0.28 0.48
Red Chief 224 0.26 1.76 0.56 038 ~0.13 0.89
Peach Red Heaven 2888 433 154 358 * 0.92 0.63 1.21 +
Maria Blanka 2107 369 2324 343 —015  —0.66 037
Big Top 1437 339 1435 305 0,00 —0.2 0.2
Queen Giant 1579 472 1039 313 0.6 —0.11 1.32
Zinc (Zn, ppm) Pear Santa Maria 11.02 342 12.04 4.75 —0.09 -1.07 0.9
Nashi 7.13 2.98 7.79 261 018  —143 1.07
Apple Gala 1276 225 1219 424 0.11 ~0.71 0.94
Granny Smith 1363 614 1331 953 0.15 ~0.32 0.62
Red Chief 1572 534 1238 515 037 -03 1.03
Peach Red Heaven 1092 583 295 141 * 1.76 —0.57 4.09
Maria Blanka 3.08 3.14 3.65 497 0.1 —0.88 1.08
Big Top 045 0.2 031 031 0.93 —141 326
Queen Giant 23 1.24 1.33 0.93 0.96 ~0.09 2.02
Iron (Fe, ppm) Pear Santa Maria 1.39 0.28 0.63 0.31 ** 1.26 0.4 2.12 +
Nashi 0.71 0.24 0.62 0.64 0.79 ~1.29 2.86
Apple Gala 1.55 0.8 0.8 0.14 0.85 0.19 151
Granny Smith 0.79 0.09 0.86 0.12 ~013  —035 0.09
Red Chief 0.9 0.13 09 0.24 0.02 —0.68 0.73
Peach Red Heaven 8.62 245 7.51 244 021 —0.03 0.4
Maria Blanka 1041 234 1038 426 0.06 —0.25 0.36
Big Top 355 0.82 443 1.81 —026  —076 0.25
Queen Giant 513 251 335 1.14 0.55 0.02 1.09 +
COPperigcu' Pear Santa Maria 15 0.28 0.84 0.44 * 0.98 —0.14 211
pp Nashi 1.32 1.52 527 0.69 * —-308  —599 —018 -
Apple Gala 4.06 05 6.15 1.77 * 055  —1.13 0.04
Granny Smith 6.25 15 117 3.69 * 088  —1.01 —076 -
Red Chief 246 0.15 24 0.25 0.04 —0.15 0.22

*P <0.05* P <0.01, ** P < 0.001, (—) indicates a decrease in whole fruits, (+) indicates an increase in whole fruits, nd indicates not

detected. Fold-change of unpeeled to peeled expressed as logarithm base two with 95% confidence interval of lower and upper bound.
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3.2. Contribution of Peeled and Unpeeled Fruits Inter-Genera

In the present study, the principal component analysis (PCA) was performed to
identify the relationships between physio-biochemicals traits and nutrient levels between
unpeeled and peeled peach, apple, and pear fruits (Figures 1-3). At peach fruits, 11
variables (6 physio-biochemical and 5 element variables) fulfilled the criterion of variable
extraction (>0.5; Figure 1B) with the total variance, explained by the PCA model, was 71.6%,
with 38.7% from PC1 and 32.9% from PC2 (Figure 1A). The KMO score data were 0.761,
and BTS was lower than 0.001. Changes in PC1 scores were associated with the separation
of the peach cultivars (Red Heaven and Maria Bianca; positive values) from the nectarines
(Big Top and Queen Giant; negative values) according to their nutrient status. On the
other hand, PC2 was more closely linked to flesh tissue attributes as most of the unpeeled
fruits had positive values, while the peeled ones had negative values (Figure 1A) based on
biochemical factors such as flavonols, antioxidant capacity, and total phenol content.

Red Heaven Unpeeled @ Peeled & Big Top Unpeeled @ Peeled &
Maria Blanka Unpeeled @ Peeled & Queen Giant  Unpeeled @ Peeled &
(A) 3 variable [ll Antioxidant PC: 71.6%
capacity KMO: 0.761
[}
2 L P Flavonols \ Total phenols BTS < 0.001
Dry weight ° Flavonoids
1 . . . =] ] °
° Hydroxycinnamic acids L] Mg
EN P ®cy
o [J
Y ° S w8 —
S e e ®e P Fe K
a o e © o
-1 S e ° °
=] =) e ©
-2 =]
-3
-2 -1 0 1 2
PC1: 38.7%
(B)
1
853
2% o5
S%

SSCj <
TA
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Figure 1. Principal component analysis (PCA) in a biplot (A) of physio-biochemical traits and
nutrients content (as variables: black) of four peach cultivars (Red Heaven: red, Maria Bianca: green,
Big Top: orange, Queen Giant: blue) unpeeled (circle filled with color) compared to peeled (circle
filled with horizontal lines) after 2 months of cold storage. Eighteen physio-biochemical and nutrient
variables extraction (B) based on the representation in the PCA model (red arrows indicate variables
with low representation in the PCA model).
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Figure 2. Principal component analysis (PCA) in a biplot (A) of physio-biochemical attributes and
nutrients content (variables = black) of two pear cultivars (Santa Maria: red, Nashi: blue) unpeeled
(circle filled with color) compared to peeled (circle filled with horizontal lines) after 2 months of cold
storage. Eighteen physio-biochemical and mineral variables extraction (B) based on the representation
in the PCA model (red arrows indicate variables with low representation in the PCA model).

There was a clear grouping of peeled and unpeeled Red Heaven fruits; however,
peeled fruits were not clearly separated from the rest of the cultivars (Figure 1A). Ad-
ditionally, unpeeled Red Heaven fruit displayed a higher content of the nutrients (P, K,
Mg, Fe, Cu) compared to the peeled ones (Figure 1A). The peach Red Heaven and Maria
Bianca showed a higher flavonoids content and lower dry weight and hydroxycinnamate
than nectarines since these variables were more closely related to PC1. Furthermore, total
phenols, antioxidant capacity, and flavonols at the unpeeled fruits were higher compared
to the peeled fruits because these variables were closely related to the PC2 (Figure 1A).

In pear cultivars 14 variables (9 physio-biochemical and 5 element variables) fulfilled
the criterion of variable extraction (>0.5; Figure 2B); the total variance of the PCA model
was about 74.7%, PC1 explained 54.6%, and PC2 20.1% of the total variance (Figure 2A).
The KMO score data were 0.715, and the BTS was lower than 0.001. It was evidenced that
PC1 score changes were associated with the separation of the biochemical and nutrient
assay in the pear cultivars (peeled or unpeeled), whereas PC2 was more closely linked to
the fruit dry weight (Figure 2A). There was a clear separation of the Santa Maria and Nashi
pear and between peeled and unpeeled fruits in both cultivars (Figure 2A). The unpeeled
Santa Maria fruits exhibited higher Ca, Mn, Fe, Zn contents and antioxidant capacity, total
phenols, flavonoids, and flavonols than Nashi pears or the peeled ones (Figure 2A). The
unpeeled Nashi pears had a higher dry weight than the Santa Maria pears or than the
peeled-ones; in addition, the peeled Nashi pears had a higher K content than the Santa
Maria or the unpeeled-ones. Meanwhile, the unpeeled fruit in both pear cultivars had
higher carotenoids and hydroxycinnamic acids than the peeled ones (Figure 2A).
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Figure 3. Principal component analysis (PCA) in a biplot (A) of physio-biochemical characteristics
and elementary content (variables: black) of three apple cultivars (Gala: red, Granny Smith: green,
Red Chief: blue) unpeeled (circle filled with color) compared to peeled (circle filled with horizontal
lines) after 2 months of cold storage. Eighteen physio-biochemical and elementary variables ex-
traction (B) based on the representation in the PCA model (red arrows indicate variables with low
representation in the PCA model).

At apple cultivars, 15 variables (10 physio-biochemical and 5 element variables)
fulfilled the criterion of variable extraction (>0.5; Figure 3B). The PCA model explained a
total variance of 68.7%, PC1 explained 37%, and PC2 31.7% of the total variance (Figure 3A).
The KMO score data were 0.652, and the BTS lower than 0.001. The PC1 scores were
associated with the separation of Gala (positive values) from Granny Smith (negative
values), based on nutrients, physiological traits, and non-polar bioactive compounds such
as carotenoids. PC2 was more closely linked to unpeeled Red Chief and Gala, as most
of the unpeeled fruits had positive values and the peeled ones showed negative values
(Figure 3A), based on several biochemical traits (e.g., antioxidant capacity, flavonoids,
anthocyanins). A clear separation between peeled and unpeeled Red Chief and Gala fruits
was identified (Figure 3A). The unpeeled Gala apples presented greater Ca, Zn content, and
physio-biochemical traits such as flavonols, hydroxycinnamic acids, carotenoids than either
the rest of the apple cultivars or the peeled ones (Figure 3A). Similarly, the unpeeled Red
Chief fruits had higher biochemical factors such as antioxidant capacity, flavonoids, total
phenols, and anthocyanins, whereas both Granny Smith samples (peeled and unpeeled
apples) displayed higher TA (Figure 3A).

3.3. Physio-Biochemical Attributes and Nutrient Content of the Unpeeled to Peeled Fruits

The physio-biochemical attributes and nutrient content log-ratios between unpeeled
and peeled fruits from all cultivars were fitted in a PCA model (Figure 4).
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Figure 4. Principal component analysis (PCA) (A) for PC1, PC2, and PC3 of physio-biochemical
and elementary log-ratios (bars filled with horizontal lines) between unpeeled and peeled fruits
expressed as logarithm base two of four peach cultivars (Red Heaven: red, Maria Bianca: green,
Big Top: purple, Queen Giant: light blue), two pear cultivars (Santa Maria: yellow, Nashi: orange),
and three apple cultivars (Gala: lilac, Granny Smith: blue, Red Chief: brown; bars filled with color).
Eighteen physio-biochemical and mineral variables extraction (B) based on the representation in the
PCA model (red arrows indicate variables with a low representation in the PCA model).

The analysis of the log-ratios (unpeeled to peeled) of all variables (5 physio-biochemical
and 5 element variables) among all cultivars (Figure 4B) with the total variance explained
by the PCA model to be 79.2%, in the PC1 explained the variance of 39.1%, in the PC2
the variance of 25.5%, and in the PC3 the variance of 14.5 (Figure 4A). Changes in the
PC1 scores were associated with the separation of Nashi (positive values) and Santa Maria
(negative values) pears according to biochemical factors (e.g., antioxidant capacity, total
phenols, flavonoids, and carotenoids) and elements (e.g., Cu, K, Ca; Figure 4A). PC2 was
closely linked to P, K, and Mg (positive values; Figure 4A). PC3 scores were associated
with anthocyanins and Mg (positive values) and carotenoids (negative values; Figure 4A).
There was a clear separation in PC1 between Nashi (positive values) and Santa Maria
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(negative values), indicating an increase in the variables (i.e., antioxidant capacity, total
phenols, flavonoids, carotenoids, Ca) in the unpeeled to peeled fruit, and a decrease in
potassium and copper in Nashi pears; (Figure 4A). The Granny Smith fruit was clearly
separated from the other apple cultivars based on PC2 having an increase in unpeeled to
peeled log-ratio in P, K, Ca, and Mg (Figure 4A). Similarly, the cultivars Red Chief and Gala
(positive values) were clearly separated from the other cultivars based on PC3, with Red
Chief having a more uniform variance and a better separation than Gala, which depicted
an increased log-ratio of unpeeled to peeled in anthocyanins and Mg (Figure 4A).

4. Discussion

The peel of the fruit is the natural barrier between the environment and the flesh [4].
It prevents dehydration and pathogen penetration, provides mechanical support, and
protects against external effects (such as ultraviolet radiation [30,31]). All of these benefits
that the peel offers to the fruit are due to the existence of the outer, non-polar layer of
the cuticle, which varies both qualitatively and quantitatively among the different types
of fruits [32]. In peaches, apples, and pears the exocarp consists of small-sized cells of a
few layers in comparison to the mesocarp that has large cells during fruit ripening [33,34].
Therefore, the peeling of the aforementioned fruits possibly removes a high amount of dry
mass [17], which was clearly evidenced in this study from the positive value of unpeeled to
peeled fruit dry weight log-ratio (Table 1). Nonetheless, no significant effect of dry weight
on the comparison between unpeeled and peeled fruit within each cultivar was observed
due to the high variation among the fruits tested for each cultivar (except for the Red
Heaven, Nashi, and Gala; Table 1). The soluble solid concentration and the total acidity of
the pears are closely associated with the fruit flavor [35], and, therefore, higher values may
imply a stronger taste. At Santa Maria, lower values of SSC and TA of the log-ratio between
unpeeled to peeled fruits were determined (Table 1), suggesting an increased sense of flavor
when just the flesh of this cultivar was being consumed. Fruit dry weight was associated
with the quality and flavor in kiwifruit [36] and with the SSC in apples [37], and there
was no association between dry weight and SSC in peaches [38] as it was presented in the
current work (Figure 1; Figure 3).

Previous studies noted that the peel contains a higher amount of total phenols than
the flesh at various types of fruits, including peaches [7], pears [10], and apples [13]. In
this study, the unpeeled fruits of all fruit species tested contained a higher amount of
total phenols compared to the peeled ones (Table 1). In addition, we found that the total
phenols content was strongly associated with antioxidant activity, as documented by the
PCA analysis in peach (Figure 1A) and pear (Figure 2A) fruits as well as by the log-ratio
of unpeeled to peeled fruit in all cultivars (Figure 4A). Flavonoids, which are part of total
phenols [39], in the unpeeled apple fruits were increased in comparison to the peeled
ones (Table 1). PCA analysis further indicated that the flavonoids content was strongly
associated with the antioxidant capacity of apples (Figure 3A). It has been also reported that
flavonoid substances, such as epicatechin, procyanidin B2, and quarcetin glycosides, had
a higher contribution to apple fruit antioxidant capacity than other phytochemicals [40].
In nectarines, anthocyanins were more abundant in unpeeled compared to peeled fruits
when calculated both as content or as a log-ratio of anthocyanin content of unpeeled to
peeled fruits (Table 1), which coincided with previous observations showing that the peel
of peaches and nectarines contained more anthocyanins than the flesh [41]. The results of
this research could be attributed to the fact that there was a high variance of anthocyanins
in peaches and nectarines (Table 1) due to the red-blushed surface of the peel as well as
to the red-blushed flesh around the stone core [20]. The coating of the red color on the
peel surface resulted in anthocyanin accumulation at the unpeeled Red Chief in relation to
the unpeeled Gala apple (Table 1), since the Gala fruit did not develop a red color across
its entire surface [42], and the differentiation throughout its surface was based mainly
on anthocyanins. Anthocyanins also contributed to the phenol-associated increase in the
antioxidant capacity, with all the above variables being positively correlated in regard to
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unpeeled apple fruits (Figure 3A). Hydroxycinnamate content was also more abundant at
the peel of both peaches [7] and pears [10,11], but it did not alter between unpeeled and
peeled fruit (Table 1), apart from Santa Maria pears. The current results also revealed the
significant impact of peeling in flavonols of Santa Maria pears (Table 1) and it was similar to
that reported earlier by Li [10]. Meanwhile, increased carotenoid content was observed at
unpeeled versus peeled Nashi (pear), Granny Smith, and Red Chief (apples) fruits (Table 1),
confirming previous observations that apple peel had a higher concentration of carotenoids
than the flesh [12]. It was proposed that the consumption of unpeeled Asian pear fruit
may effectively increase the antioxidant activity in the human body [43]. In this sense, the
results from the PCA model suggested that the consumption of the unpeeled Asian pear
(Nashi) was highly linked to an increased source of many health-promoting substances
(Figure 4A). On the contrary, the Santa Maria pear displayed an opposite trend (negative
values) in the above variables, indicating that the antioxidant properties and the resulting
health benefits of this cultivar were unaffected by peeling (Figure 4A). It was proved
that consumers could prefer certain foods as good sources of specific minerals, but the
mineral composition varied widely among raw fruit species and among cultivars [44]. The
main minerals and essential trace elements were very important for biological processes,
and played a vital role in fruit development, and were also involved in the prevention of
some chronic diseases [45]. In most of the nutrient elements evaluated, their content was
significantly different depending on the peeling and the fruit cultivar evaluated. This PCA
model suggested that Red Heaven peach and Santa Maria pear fruits should be consumed
unpeeled since they contained an increased concentration of nutrients (P, K, Mg, Fe and
Ca, Zn, Mn, Fe, respectively; Figures 1A and 2B). It was shown that the pear peel tissue
contained higher amounts of P, K, and Mn than the flesh [16]. In our study, these mineral
elements were higher in unpeeled Santa Maria pears than at the peeled fruit (Table 2). In
three peach cultivars tested, the K flesh content was higher compared to the peel, whereas
the minerals Mg, Ca, Zn, Cu, and Mn in the peel were higher in comparison to the flesh [46].
The highest concentration of K in the flesh against the peel had been reported by Basar [18].
We also observed that the K concentration was lower in the unpeeled Big Top peach in
comparison to the peeled (Table 2). The result was similar to that reported earlier by
Basar [18] and Dabbou [46]. Moreover, the highest average content of several elements
such as Mg, Ca, Mn, and Zn was determined at the unpeeled fruits of the peach cultivars
Red Heaven, Maria Blanca, and Queen Giant. Therefore, it might be concluded that these
nutrients were being accumulated principally at the peel and that lower amounts were in
the fruit flesh. In our previous study, it was shown that the Ca and Mg contents at the peels
of various apple cultivars were significantly higher than at their flesh parts [15]. These
results were in agreement with the current data (Table 2).

5. Conclusions

From the current study, it was suggested that fruits (apart from Santa Maria) would
be more beneficial when consumed with their peel, as discarding this part means great
beneficial substance loss. The PCA models indicated a clear separation of the cultivars’
inner-genus and between unpeeled and peeled fruits inner-cultivar. In peaches versus
nectarines, an increase in antioxidant capacity, total phenols, flavonoids, and minerals
was recorded, contrary to nectarines, in which an increase in hydroxycinnamate and dry
weight was observed. Santa Maria versus Nashi cultivars exhibited an increase in four
biochemical traits, minerals, and TA, in contrast to Nashi, which exhibited an increase in
SSC, K, and dry matter. In the Granny Smith cultivar, an increase in TA was observed; in
Gala, an increase in SSC, carotenoids, dry weight, hydroxycinnamic acids, flavonols, and
minerals were recorded; and in the unpeeled fruit of Red Chief an increase in anthocyanins,
antioxidant capacity, total phenols, and flavonoids was observed. We also would propose
the consumption of unpeeled pear Nashi, as the peel contribution in unpeeled fruits more
effectively increased the beneficial compounds’ uptake than the peeled one. The unpeeled
Granny Smith fruits were associated with an increased uptake of mineral elements. The
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unpeeled fruits of Red Chief were associated with an increased uptake of anthocyanins
and Mg.
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