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Abstract – Introduction. Apples have been part of the human diet since ancient times and are one of the most
commonly consumed fruit worldwide, rich in phenolic compounds. Phenolics are naturally occurring non-nutritive
plant compounds, possessing several health benefits. The effect of storage conditions on phenolics concentrations and
on the antioxidant activity of apple juice and pomace was studied. Materials and Methods. Experiments were carried
out with two apple varieties, an ancient Tuscan variety, Panaia-red, and a commercial variety, Golden Delicious. The
antioxidant activity was assessed by means of two different in vitro tests: scavenging of DPPH• radical, and inhibition of
tyrosine nitration mediated by peroxynitrite (ONOO−). Analyses of juices were carried out immediately after production
and after 2 weeks storage in 3 different temperature conditions: 4 ◦C, –20 ◦C and room temperature after pasteurisation.
Results and discussion. Highly significant differences were recorded between the two varieties, the Panaia-red juice
having a higher concentration of phenolic compounds and a higher antioxidant activity. During apple juice storage,
phenolic compound concentrations and antioxidant capacity remained quite stable. A correlation between antioxidant
activity and phenolic concentration was observed (0.69 � r � 0.97). Conclusion. The effects of a short storage time
and different conditions of storage on the phenolic concentration and antioxidant activity seem to be less relevant than
variety effects. The apple pomace revealed an amount of phenolic compounds, ranging from 6.8 to 15.5 mg GAE
100 g−1 DM of total polyphenols, which paves the way for their use as ingredients in foods lacking in polyphenols.
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Résumé – Profil phénolique et activité anti-oxydante du jus et du marc de pomme : effets des conditions de sto-
ckage. Introduction. Depuis la plus haute Antiquité, les pommes ont fait partie de l’alimentation humaine et consti-
tuent l’un des fruits les plus consommés au monde, et riches en composés phénoliques. Les composés phénoliques
sont des composés végétaux naturels non nutritifs mais possédant de nombreuses propriétés nutritionnelles bénéfiques
pour la santé. L’étude porte sur l’effet des conditions de stockage sur la concentration de ces composés phénoliques
et sur l’activité anti-oxydante du jus de pomme et du marc. Matériel et méthodes. Les expériences ont été réalisées
avec deux variétés de pomme, une variété ancienne toscane, Panaia-rouge, et une variété commerciale, Golden Deli-
cious. L’activité anti-oxydante a été évaluée au moyen de deux tests in vitro : la réactivité avec le radical libre DPPH•,
et l’inhibition de la nitration de la tyrosine induite par le peroxynitrite (ONOO−). Les analyses de jus ont été effec-
tuées immédiatement après production et après 2 semaines de stockage à températures différentes : +4 ◦C, –20 ◦C,
ou à température ambiante après pasteurisation. Résultats et discussion. Des différences hautement significatives ont
été enregistrées entre les deux variétés, le jus des pommes Panaia-rouge ayant une concentration en composés phé-
noliques plus élevée et une activité anti-oxydante supérieure à celui des Golden Delicious. Au cours du stockage des
jus, la concentration en composés phénoliques et la capacité anti-oxydante sont restées stables. Une corrélation entre la
concentration phénolique et l’activité anti-oxydante a été observée (0, 69 � r � 0, 97). Conclusion. Apparemment, un
stockage de courte durée et diverses conditions de conservation ont eu moins d’effet sur la concentration phénolique et
l’activité anti-oxydante des jus de pomme que l’origine variétale des fruits. Le marc de pomme a révélé une quantité
de composés phénoliques allant de 6,8 à 15,5 mg GAE 100 g−1 MS de polyphénols totaux, ce qui ouvre la voie à leur
utilisation comme ingrédients dans les aliments dépourvus de polyphénols.
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Abbreviations: 3-NT, 3-nitrotyrosine ; CE, catechin equivalent ; DM, dry matter ; DPPH•, 1,1-diphenyl-2-
picrylhydrazyl ; F3Os, flavan-3-ols ; FW, fresh weight ; GAE, gallic acid equivalent ; LDL, low-density lipoprotein ;
ONOO−, peroxynitrite ; RT, room temperature ; TAE, tartaric acid equivalent ; TF, total flavonoids ; TP, total phenols.

1 Introduction

Phenolic compounds are naturally occurring non-nutritive
plant compounds and they constitute one of the most abundant
and widely distributed groups of substances in the plant king-
dom. They are commonly divided into two groups: flavonoids
(anthocyanins, flavan-3-ols, flavonols, flavones, isoflavones,
flavanones), and non-flavonoid compounds (hydroxybenzoic
and hydroxycinnamic acids, stilbenes).

Despite their wide distribution in plants, nutritional interest
in their health-protecting factor is a recent phenomenon. This
beneficial effect is mainly associated with the antioxidant ac-
tivity of phenolic compounds, acting as reducing agents by do-
nating hydrogen, quenching singlet oxygen, acting as chelators
and trapping free radicals. These highly reactive molecules are
present in biological systems and may oxidise nucleic acids,
proteins and lipids, promoting degenerative diseases such as
cancer, heart disease, dermal disorders and ageing [1–4]. Fruit
is one of the most important sources of antioxidants such as
vitamins (especially vitamin C and vitamin E) and bioactive
phytochemicals (polyphenols and carotenoids) [5].

Apples have been part of the human diet since ancient
times and are one of the most commonly consumed fruit
worldwide. They are eaten both raw and in processed prod-
ucts, such as juice, cider, brandy jam and vinegar, and they
represent a very significant source of phenolic compounds,
particularly flavonoids. Every family of phenols is directly re-
sponsible for the special characteristics of specific apple va-
rieties, apple derivatives and by-products, such as apple po-
mace [6]. There are five major groups of phenolic compounds
in apples: hydroxycinnamic acids, flavan-3-ols, anthocyanins,
flavonols and dihydrochalcones. However, the phenolic pro-
file of apples is much more complicated due to polymeri-
sation of flavan-3-ols, as these compounds can be found as
monomers, dimers and polymers (procyanidins) and glycosy-
lation of other compounds, such as flavonols [7]. Many fac-
tors, such as genetic, agronomic and environmental ones, in-
fluence the complexity of the phytochemical profile of apples
and these variations predispose the differences in apple antiox-
idant activity [7–9]. Moreover, it is important to take into con-
sideration the bioavailability and the bioactivity of an antiox-
idant compound in the human body, and not only the amount
introduced by the diet [10].

The main source of polyphenols from apple is represented
by fresh fruit consumption. The most popular processed apple
product in the world, clear apple juice, has a lower phenolic
content because, during production, only part of the com-
pounds are extracted in the apple juice [11] and the rest remain
in the pomace [12]. It was demonstrated that the consump-
tion of cloudy apple juice may be more beneficial to human
health than clear apple juice, due to its higher content of phe-
nolic compounds and fibres [13–15].The loss of phenolic com-
pounds during juice production is also due to the enzymatic

oxidation of phenolics catalysed by polyphenol oxidase (PPO)
in the presence of oxygen. PPO is present mainly in apple
flesh, bound to the cell walls, whereas phenolic compounds
are located in vacuoles [16]. During apple tissue disintegration
the enzyme is released from cell walls and can catalyse the ox-
idation of phenolic compounds to corresponding o-quinones
which easily condense to brown pigments. According to the
data of van der Sluis et al. [12], some juices maintained only
3–10% of the antioxidant activity of the fresh fruit [17], as the
antioxidant activity of juices is positively correlated with the
content of phenolics [18, 19].

However, fruit juice consumption overall in Europe, Japan,
Australia, New Zealand and the USA has increased in re-
cent years, probably due to public perception of juices as a
natural source of healthy antioxidant phytochemicals and in-
creased public interest in health issues. Especially for apple
juice, it was demonstrated that their antioxidant activity can
be accounted for essentially by chlorogenic acid and other
compounds in lower concentrations, such as phloridzin and
epicatechin [20,21]. Therefore, fruit juice intake has been con-
sistently associated with reduced risk of many cancer types
and may also protect against stroke and delay the onset of
Alzheimer’s disease [22–25].

Apple pomace is a by-product in apple juice production,
consisting of peel, core, seed, calyx, stem and soft tissue, rep-
resenting around 25–30% of the fresh fruit weight [26]. A
large quantity of apple pomace is produced worldwide ev-
ery year and its disposal has caused a serious environmental
problem. Researchers have proposed the use of apple pomace
for the production of different value-added products including
enzymes, organic acids, ethanol, aroma compounds and natu-
ral antioxidants [27]. The antioxidant compounds from waste
products of the food industry could be used to increase the sta-
bility of foods by preventing lipid peroxidation, and also for
protecting living systems from oxidative damage by scaveng-
ing oxygen free radicals [28].

In order to satisfy the growing demand for products with
a high content of bioactive molecules, it is essential to under-
stand the influence of the different phases of the food produc-
tion chain on the presence of these compounds in the product.
Cultivation methods, choice of raw material, industrial pro-
cessing, storage, distribution and final processing by the con-
sumer may all affect the final concentrations and the bioac-
tivity of the product. This knowledge will provide the food
processing industry with means that can be used in product op-
timisation with respect to health-protecting compounds, with-
out affecting traditional quality aspects, such as colour and
taste [29].

Within this context, the main purpose of this research
was to investigate whether the level of phenolics and in vitro
antioxidant activity in apple juice and its by-product (po-
mace) were affected by the juice production chain. Compar-
isons between two apple varieties and among different storage
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conditions were performed in order to evaluate the stability of
the phenolic composition and the maintenance of the antioxi-
dant activity two weeks after production of apple juice.

2 Materials and methods

2.1 Chemicals

Gallic acid, catechin, epicatechin, chlorogenic acid,
phloretin, phloridzin, quercetin-3-galactoside, Trolox, Folin-
Ciocalteu reagent, tyrosine, 3-nitrotyrosine, 1,1-DiPhenyl-
2-PicrylHydrazyl (DPPH• 90%), 4-(dimethylamino)-
cinnamaldehyde (DMACA) and HPLC-grade methanol were
purchased from Sigma Aldrich (Milan, Italy). All chemicals
were of analytical or HPLC grade and the aqueous solutions
were prepared by using ultra-pure water purified by the
Milli-Q System (Millipore, Milan, Italy).

2.2 Fruit materials

The Malus× domestica Borkh genotypes used in this study
were a commercial variety (Golden Delicious) and an old lo-
cal variety (Panaia-red). Panaia-red is an ancient Tuscan va-
riety [30] known and cultivated especially in the Casentino
area [31]. This local variety has been catalogued and described
in the regional repertories of Tuscany (http://germoplasma.
arsia.toscana.it/Germo/), which represent the basic tool of
the protection system for regional autochthonous genetic re-
sources, and actions are in progress for the valorisation of this
variety [32].

The study was carried out in 2008 in the Casentino
area (Tuscany, Italy) and apples were collected at commer-
cial maturity. The optimal harvest period was from 25th to
30th September for Golden Delicious and from 20th to 30th
October for Panaia-red. Three replicates of each variety were
collected. Each replicate was made up of 4 apples, randomly
sampled from a bulk of independent harvests of 10 kg apples
each.

2.3 Preparation of apple juice and pomace

After harvest, apples were washed and cut into pieces. Ap-
ple juice was prepared using a domestic centrifuge for the pro-
duction of fruit and vegetable juices (Vita Pro-Active, mod.
JE810, Kenwood Ltd., Havant, UK). The operations were
carried out at 4 ◦C. The juice obtained from the two vari-
eties was divided into three groups of 12 mL-aliquots. Each
group of aliquots underwent different methods of storage: 4 ◦C
and −20 ◦C and room temperature after pasteurisation at 68 ◦C
for 30 min. Analyses were performed on juices immediately
after the production and after two weeks of storage. Apple
juices were filtered prior to analysis.

An aliquot of the apple pomace, the by-product of the ap-
ple juice production, was also recovered, stored at –20 ◦C and
subsequently freeze-dried (Edwards Mini-Fast 1770, Edwards
Alto Vuoto, Milan, Italy).

2.4 Apple pomace phenolic extraction

An aliquot of 200 mg powdered freeze-dried apple pomace
was extracted with 80% methanol for 30 min in the dark. The
extracts were centrifuged for 15 min at 3,300 rpm (2,500 g),
using a Sigma 302K Centrifuge from Bicasa (Milan, Italy),
with a swing-out rotor. The precipitate was extracted again
with the same solvent and made up to a final volume of 90 mL.
The solvent was evaporated with a rotary evaporator and the
precipitate was taken up in 12 mL methanol. Extracts were
stored at –20 ◦C and analysed within a month after extraction.

2.5 Physico-chemical parameter determination

Soluble solids content (SSC) and titratable acidity (TA)
were measured in the apple juice. SSC was determined with
a hand-held refractometer (Sper Scientific, AZ, USA), and re-
sults expressed as ◦Brix. TA was determined by titrating 10 mL
of juice with 0.1N NaOH to pH 8.1 using 1% phenolphthalein,
and results were expressed as malic acid equivalents (MAE)
L−1 juice.

2.6 Total phenolics, flavonoids and flavan-3-ols

Total phenolic concentration (TP) was measured by the
method described by Singleton and Rossi [33], with some
modifications to reduce volumes. TP concentration was ex-
pressed as mg gallic acid equivalents (GAE) 100 g−1 dry mat-
ter (DM) or mg GAE L−1 juice.

Total flavonoids concentration (TF) was determined using
a colorimetric assay [34]. TF concentration was expressed as
mg catechin equivalents (CE) 100 g−1 DM or mg CE L−1 juice.

Flavan-3-ols (F3Os) were determined using the method de-
scribed by Nagel and Glories [35]. F3O concentration was ex-
pressed as mg catechin equivalents (CE) 100 g−1 DM or mg
CE L−1 juice.

2.7 HPLC for phenolic composition

High-performance liquid chromatography (HPLC) was
performed on apple juices immediately after preparation (T0)
and after two weeks storage (T2) at 4 ◦C, –20 ◦C and at room
temperature after pasteurisation using a Spectra System P4000
HPLC, equipped with a UV 6000 LP photodiode array de-
tector (Thermo Fisher Scientific, Waltham, MA). The column
(250 × 4.60 mm, 5 µm) was a Phenomenex Prodigy LC-18
RP. The mobile phase flow rate was fixed at 1.0 mL min−1. For
the gradient elution H2O, pH 2.7 (with formic acid) (A), and
methanol (B) were used as mobile phases: 0 min, 90% A, 10%
B; 5 min, 90% A, 10% B; 20 min, 70% A, 30% B; 28 min,
10% A, 90% B; 35 min, 90% A, 10% B. The detection was at
280 nm, 320 nm and 350 nm. Identification and quantification
were carried out using external standards.

http://germoplasma.arsia.toscana.it/Germo/
http://germoplasma.arsia.toscana.it/Germo/
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2.8 Synthesis of peroxynitrite and inhibition
of tyrosine nitration

Peroxynitrite was synthesised according to the method
used by Beckman et al. [36] as described in Iacopini et al. [37].
Inhibition of tyrosine nitration is based on the determination
of the 3-NT quantity formed from the reaction between free
tyrosine and peroxynitrite at the physiological pH by reversed-
phase HPLC-UV analysis, as described elsewhere [37]. The
HPLC system consisted of a Dionex P 680 Pump coupled
with a Dionex UVD 170U/340U UV/VIS detector. Data pro-
cessing was performed by using the software Chromeleon 6.5
(Dionex) running on a PC coupled with the HPLC system.
Separation was performed on a reverse-phase C18 column
(Acclaim 120, 5 μm, 4.6 × 250 mm, Dionex) coupled with
a C 18 guard cartridge (Acclaim 120, 5 μm, 4.3 × 10 mm,
Dionex) at room temperature. Samples were injected into the
HPLC system after filtering through a 0.45-μm cellulose filter
(Millipore).

Elution conditions for the detection of 3-NT were as fol-
lows: 20 mM phosphate buffer (pH 3.2)/methanol 92:8; flow
rate 1 mL min−1 in isocratic mode; 20 μL injection volume;
UV detection at 356 nm.

Quantitative determination of the 3-NT formed was per-
formed by HPLC-UV using an external standard calibration
curve (Abs356 = 54.717 × [3-NT] − 0.224, r2 = 0.999). The
peroxynitrite scavenging ability of the extracts was expressed
as Trolox Equivalents (TE) 100 g−1 DM or TE L−1 juice.

2.9 Antioxidant activity: DPPH• radical scavenging
capacity

This method was performed using 1,1-diphenyl-2-
picrylhydrazyl radical (DPPH•) [38]. Briefly, an aliquot of
0.1 mL of an appropriate dilution of each apple extract
and juice was added to 3.9 mL DPPH• methanolic solution
(12 10−5 M), and vortexed. Absorbance at 515 nm (A515) was
measured at different time intervals on a UV-VIS Agilent HP
8453 diode array spectrophotometer until the reaction reached
a plateau. The initial concentration of DPPH• was controlled
for every experiment by using a calibration curve made by
measuring the absorbance at 515 nm of standard samples of
DPPH. at different concentrations. The equation of the curve
was Abs515 = 0.0085 × [DPPH•] (r2 = 0.99810), as deter-
mined by linear regression. The DPPH• radical scavenging ef-
fect was expressed as percentage reduction (%R) of the initial
DPPH• absorption operated by test samples:

%R of the initial DPPH• absorption =

[(ADPPH(t0) − Asample(t))/ADPPH(t0)] × 100

where ADPPH(t0) is the absorbance of DPPH• at zero time and
Asample(t) is the absorbance of the solution added to the sample
after t time.

The DPPH• scavenging capacity was evaluated through
the analysis of the logarithmic curves obtained by measuring
the radical percentage reduction after 5, 20, 40, 60, 90 and
120 min of reaction, and a statistical determination was also
applied to the single values achieved after 120 min of reaction.

2.10 Statistics

Three analytical determinations were carried out on each
independent biological replication for every parameter. Three
independent biological replications (n = 3) were obtained
from each treatment and the results presented in tables and
graphs are reported as means± standard deviation (SD). Statis-
tical differences in phenolic concentration and antiradical ac-
tivity among varieties were determined by t-test. The storage
temperature, cultivar effect and interaction between them were
evaluated by means of two-way ANOVA, in this case followed
by a post-hoc comparison test (Tukey’s HSD) at P � 0.05.
Non-linear regression analysis between the percentage of inhi-
bition of DPPH• during the 120 min of reaction was done for
each sample (n = 3) using a logarithmic function (percentage
of inhibition of DPPH• = a × ln(t) + b). Statistical differences
determined by Cultivar, Temperature and Cultivar × Tempera-
ture interaction in a and b regression coefficients were assessed
by ANOVA. Linear regressions between phenolic concentra-
tion and antioxidant activity of Panaia-red and Golden Deli-
cious apple juices were done and correlation coefficients and
P-values were determined.

3 Results and discussion

3.1 Juice production and physicochemical parameters

In this study we investigated the phenolic profile and an-
tioxidant capacity of the juice obtained from two apple culti-
vars grown in Tuscany and of the pomace obtained as a by-
product of the juice production.

The juice yield was around 26% for Panaia-red and 48%
for Golden Delicious, strongly affected by the cultivar. How-
ever, other parameters such as maturity, storage conditions
and the apple juice production method can be relevant, as
reported by others [19]. Immediately after production, SSC,
pH and TA of juices were determined, as these quality pa-
rameters are related to the stability of bioactive compounds
in plant-derived products (table I). The two juice samples did
not show any statistically significant difference as regards pH
(3.6 ± 0.1 and 3.8 ± 0.1 units for Panaia-red and Golden De-
licious, respectively) or SSC (15.1 ± 0.1 and 15.3 ± 2.2 for
Panaia-red and Golden Delicious, respectively). Regarding TA
content, Panaia-red juice had twice the amount of Golden De-
licious, the values being 9.3 ± 1.2 MAE L−1 for Panaia-red and
4.6 ± 0.4 MAE L−1 for Golden Delicious (table I). As regards
the apple pomace, the % of dry matter content was 20.4± 1.6%
for Panaia-red and 21.4 ± 2.2% for Golden Delicious.

Following two weeks storage in different temperature con-
ditions (+4 ◦C, –20 ◦C and RT after pasteurisation) the param-
eters were determined again. Concerning TA content, Panaia-
red juice had twice the amount of Golden Delicious, as in the
juices after preparation. Storage conditions did not affect SSC
and TA of Golden Delicious and Panaia-red apple juice (ta-
ble I). A significant influence was, however, recorded when
pH was considered. In fact, a significant pH reduction was
found in Panaia-red juice samples stored at –20 ◦C (3.5 ± 0.2
at +4 ◦C, 3.2 ± 0.2 at –20◦C and 3.5 ± 0.3 at RT after pas-
teurisation) and in Golden Delicious juice samples stored at
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Table I. Physicochemical parameters of Golden Delicious and Panaia-red apple juices after production and after 2 weeks storage at +4 ◦C,
–20 ◦C or at room temperature after pasteurisation (RT). Values are the means ± SD (n = 3). Data were analysed by t-test for apple juice after
preparation and by ANOVA for apple juice after 2 weeks storage.

SSC TA pH
(◦Brix) (MAE L−1) (Units)

Apple juice after preparation
Golden Delicious 15.3 ± 2.2 4.6 ± 0.4 3.8 ± 0.1
Panaia-red 15.1 ± 0.1 9.3 ± 1.2 3.6 ± 0.1
P valuesb ns *** ns
Apple juice after 2 weeks storage
Golden Delicious +4 ◦C 15.7 ± 1.5 4.2 ± 0.4 3.3 ± 0.0
Golden Delicious –20 ◦C 15.3 ± 1.6 4.4 ± 0.5 3.3 ± 0.1
Golden Delicious RTa 16.1 ± 1.9 4.8 ± 0.4 3.5 ± 0.1
Panaia-red +4 ◦C 14.9 ± 0.8 9.1 ± 0.8 3.5 ± 0.2
Panaia-red –20 ◦C 15.1 ± 0.1 8.9 ± 1.1 3.2 ± 0.2
Panaia-red RTa 15.1 ± 0.3 8.4 ± 1.3 3.5 ± 0.3
P ANOVAb

Cultivar ns *** ns
Temperature ns ns ***
Cultivar × Temperature ns ns ns

a Room temperature after pasteurisation.
b Mean differences significant at *** P < 0.001; ns: not significant.

+4 ◦C and –20 ◦C (3.3 ± 0.0 at +4 ◦C, 3.3 ± 0.1 at –20 ◦C and
3.5 ± 0.1 at RT after pasteurisation). Aguilar-Rosas et al. [26]
found that pH was affected by thermal treatments in apple
juice, the untreated sample having a higher value. In our work,
the juices stored for two weeks at +4 ◦C and –20 ◦C seemed to
be the most affected.

As acidity in apple juice has to be considered an important
sensory attribute associated with its characteristics of flavour
and astringency, maintenance of the original characteristics is
desirable. Thermal treatment did not have an effect on apple
juice titratable acidity, in agreement with other authors [39],
while in orange juice significant differences were observed
between freshly squeezed and commercial (pasteurised and
frozen without previous pasteurisation) juices analysed in the
middle of their commercial shelf life [40].

3.2 Apple juice and pomace phenolic concentration

Genotype-related differences in phenolic levels between
Panaia-red and Golden Delicious were very evident both in
juices and in pomaces (table II). In apple pomace (table II),
phenolic concentrations were very high, suggesting a potential
for commercial exploitation. This was particularly evident for
the Panaia-red by-product, which contained about a 1.3, 1.9
and 1.9 times higher concentration of TP, TF and F3Os than
Golden Delicious, respectively (table II). The range of con-
centrations of phenolic classes determined in Panaia-red and
Golden Delicious pomace was generally consistent with previ-
ous reports in the literature, even if referring to different culti-
vars [6,41,42]. Ćetković et al. [41] reported a lower amount of
TF in their apple pomace samples, as they reported values be-
tween 0.45±0.02 and 1.19±0.06 mg g−1 DM, while we found
11.0 ± 3.1 and 3.8 ± 0.6 mg g−1 DM, respectively, for Panaia-
red and Golden Delicious pomace. The dry matter contents of

the two varieties’ pomace were not significantly different and
constituted 20.4% and 21.4%, respectively, for Panaia-red and
Golden Delicious.

The same statistically significant difference between the
two apple cultivars was also found when the juices were anal-
ysed, both immediately after production (table II) and after
2 weeks storage in different temperature conditions (table II).
Panaia-red juice had a higher phenolic concentration than
Golden Delicious: 3.4, 7.2 and 6.5 times higher for TP, TF
and F3Os, respectively. No statistically significant difference
was found when the effect of storage temperature was consid-
ered (table II), showing that such a short storage time is not
enough to produce a significant phenolic reduction, even when
the juices are maintained at +4 ◦C. Similar results were also
observed by other authors [29], who reported that 1 month
storage of apple juice in a refrigerator at +4 ◦C, or even at
room temperature had no effect on lowering the concentration
of phenolic antioxidants. No statistically significant interaction
was found between the cultivar and storage temperature.

A different scenario can be envisaged when the percent-
age ratio of the TP, TF and F3Os of the juices after 2 weeks
storage with respect to the time of preparation is determined
within each cultivar separately (figure 1A–1B). A temperature
effect appears evident. As regards Golden Delicious, the pas-
teurised juice has a higher TP concentration than those stored
at +4 ◦C and –20 ◦C, and statistically significant differences
were recorded for TF and F3Os in all three storage condi-
tions with the following order: pasteurised > –20 ◦C > +4 ◦C.
No statistical differences were found for Panaia-red juice TP,
though the pasteurised sample had a higher concentration of
TF than the samples stored at +4 and –20◦C. The F3O con-
centration of Panaia-red juice was significantly influenced by
storage conditions in the same manner as Golden Delicious.
The higher amount of phenolic compounds in pasteurised
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Table II. Total phenols, flavonoids and flavan-3-ols concentrations of apple pomace, apple juice after production, and apple juice after 2 weeks
storage at +4 ◦C, –20 ◦C or at room temperature after pasteurisation (RT). Values are the means ± SD (n = 3). Data were analysed by t-test for
apple juice after preparation and by ANOVA for apple juice after 2 weeks storage.

Total phenols Total flavonoids Flavan-3-ols
(mg GAE 100 g−1 DM or L−1) (mg CE 100 g−1 DM or L−1) (mg CE 100 g−1 DM or L−1)

Apple pomace
Golden Delicious 6.8 ± 1.2 3.8 ± 0.6 2.6 ± 0.4
Panaia-red 15.5 ± 3.2 11.0 ± 3.1 7.5 ± 2.3
P valuesb *** *** ***
Apple juice after preparation
Golden Delicious 537.8 ± 129.8 132.1 ± 45.8 59.2 ± 17.9
Panaia-red 2,348.5 ± 707.9 1,080.3 ± 597.6 441.7 ± 137.4
P valuesb * * **
Apple juice after 2 weeks storage
Golden Delicious +4 ◦C 373.9 ± 103.3 74.3 ± 23.1 22.4 ± 12.0
Golden Delicious –20 ◦C 479.6 ± 156.2 107.3 ± 41.1 42.4 ± 18.6
Golden Delicious RTa 659.8 ± 142.3 163.3 ± 116.7 116.7 ± 39.2
Panaia-red +4 ◦C 1,862.2 ± 672.5 815.6 ± 564.8 304.8 ± 120.7
Panaia-red –20 ◦C 2,062.2 ± 816.6 983.8 ± 730.9 390.6 ± 161.4
Panaia-red RTa 2,146.3 ± 885.5 1,392.9 ± 779.4 588.2 ± 230.8
P ANOVAb

Cultivar *** *** ***
Temperature ns ns ns
Cultivar × Temperature ns ns ns

aRoom temperature after pasteurisation.
bMean differences significant at * P � 0.05, ** P � 0.01, *** P � 0.001; ns: not significant.

juices can be explained as a consequence of an enhanced ex-
traction of these compounds from the solid particles of the
juice residues and of possible depolymerisation of complex
structures in simpler compounds (catechin and epicatechin
monomers). However, even the denaturation of PPO enzymes
can explain the higher amount of phenolic compounds in pas-
teurised juices [43].

The results presented in this work are in accordance with
those reported in previous work [37] where phenolic com-
pounds in the whole fruit were found to be highly concentrated
in Panaia-red as compared with Golden Delicious.

Even considering the lower juice yield in Panaia-red than
in Golden Delicious (26% vs. 48%) the total amount of TP
compounds recovered in the apple juice was higher for Panaia-
red than for Golden Delicious. In fact, the amount of TP
present in the whole fruit extract (peel+pulp), measured by
Iacopini et al. [37], was 221 ± 28 and 104 ± 11 mg GAE
100 g−1 FW for Panaia-red and Golden Delicious, respec-
tively; the TP recovered in the juice can be estimated at around
28% (62 mg) and 25% (26 mg), respectively, for Panaia-red
and Golden Delicious. The recovery of the flavonoids fraction
was lower: 20.3% for Panaia-red juice and 9.7 % for Golden
Delicious juice. Other authors reported that when processing
apples into apple juice, the result is a low flavonoid-content
juice. In commercially available apple juice, only 2.5 mg L−1

quercetin was detected [44], while in apples the concentration
was 36 ± 19 mg kg−1 analysed as aglycon [45].

3.3 Apple juice and pomace antioxidant activity

The antioxidant activity of apple juice and pomace was
studied using two in vitro models in order to measure the activ-
ities towards different radicals (table III). In particular, apple
juice and pomace scavenging ability was measured towards the
stable, synthetic radical (DPPH•) and a physiological anion
(ONOO−) able to form, in physiological conditions, two radi-
cals strictly involved in various cellular damage processes, in-
cluding tyrosine nitration. This mechanism is considered more
representative of human physiological conditions than other
antiradical assays [36].

As reported elsewhere [11,12], during processing of apples
into juice in a conventional way the largest amount of pheno-
lic compounds remained in the pomace and only 3–10% of
the antioxidant activity present in fresh apples was found in
the juice. The capacity to inhibit tyrosine nitration present in
Golden Delicious and Panaia-red apple juices immediately af-
ter production was, respectively, around 18.6% and 27.8% that
of the fresh fruits, this latter previously measured by Iacopini
et al. [37], and considerably higher than values reported by van
der Sluis [29].

As regards the apple pomace, the analysis of the coeffi-
cients a and b of the logarithmic curves obtained by measur-
ing the radical percentage reduction after 5, 20, 40, 60, 90 and
120 min of reaction (table III) reveals that although both the
apple pomaces were significantly active as antioxidant agents,
there was a significant difference in the antioxidant behaviour.
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Figure 1. Percentage ratio of total polyphenols (TP), total flavonoids
(TF) and flavan-3-ols (F3Os) of Golden Delicious juice (A) and
Panaia-red juice (B) after 2 weeks storage with respect to the time of
preparation (RT: room temperature). Histograms represent the means
and bars the SD (n = 3).

The Panaia-red pomace was statistically more active than the
Golden Delicious sample and it operated a faster radical re-
duction in the first section of the curve, particularly in the first
20 min. Moreover, after 120 min of reaction, the reduction car-
ried out by the Panaia-red pomace on the DPPH• radical was
56% higher than that produced by the Golden Delicious po-
mace (table III). Similar results were found when the two po-
mace samples were subjected to the ONOO− assay (table III),
as the reduction of the 3-NT formation was significantly higher
when Panaia-red pomace was used as an antioxidant agent.

Similar behaviour was recorded when the apple juice was
examined, showing that Panaia-red had a higher capacity than
Golden Delicious to scavenge both radicals. Immediately af-
ter production, the ability to reduce the 3-NT formation by the
juice obtained from the local variety was around 9 times higher
than that obtained from the commercial variety (table III). In
relation to DPPH inhibition, we found the difference between
the two juices to be smaller after 120 min of reaction. Panaia-
red juice’s antioxidant capacity was 3 times higher than that
of Golden delicious juice (table III). After 2 weeks storage in
different temperature conditions, Panaia-red juice maintained
its supremacy as an antioxidant agent towards both radicals,
but during the DPPH• inhibition reaction the two varieties had
different behaviour (table III). Analysing the coefficients a and
b of the logarithmic curves, Panaia-red apple juice stored at
+4 ◦C was the most active for the first 30 min of reaction. Sub-
sequently, the juice stored at RT after pasteurisation became
the one with the highest reduction power. The juice stored at

–20 ◦C was the least active throughout the reaction time. In the
case of Golden Delicious, the juice stored at RT after pasteuri-
sation was the most active during the entire reaction course,
followed by the one stored at –20 ◦C. In this case, the juice
with the lowest activity was the one stored at +4 ◦C (table III).
However, after 120 minutes of reaction, analysing the reduc-
tion carried out by the two juices immediately after production,
Panaia-red juice reduction was 62% higher than that produced
by Golden Delicious juice. Moreover, the reduction carried
out by Panaia-red juice stored at RT after pasteurisation was
54% higher (table III). Further, for both the apple juices, after
120 min of reaction the cultivar was the only statistically sig-
nificant parameter and the three storage conditions investigated
were found not to be statistically different. The same perfor-
mance can be described for the ONOO− assay of the samples
stored for 2 weeks: in fact, also in this case, the juices stored
at RT after pasteurisation were the ones with the highest val-
ues. Despite the performance and the dissimilarities recorded,
no statistical differences were found among treatments and
only the cultivar effect was found to be significant. Moreover,
the Panaia-red juice stored at +4 ◦C had higher values than
the one stored at –20 ◦C, whereas the Golden Delicious juice
stored at +4 ◦C had lower values than the one stored at –20 ◦C
(table III).

3.4 Correlation

As reported in our previous work [37], the antioxidant ac-
tivity of apple fruits was principally correlated with phenolics
concentration. In fact, TP and TF were reported to have a sig-
nificant and positive correlation with the ONOO− scavenging
capacity of the apple extracts (r = 0.83 and r = 0.79, respec-
tively). Also, the correlation with DPPH• antiradical activity
was found to be statistically significant, even if at lower lev-
els. The correlation between antioxidant activity and physico-
chemical parameters was generally low or not significant, al-
lowing us to suppose that the physicochemical traits were not
influencing factors for the phenolic concentration and, conse-
quently, for the antioxidant activity of the apple fruit [37].

The correlation analysis applied to the apple juice con-
firmed the significant and positive correlation between pheno-
lic concentration and antioxidant activity (table IV), already
reported in whole fruit [37]. As regards the Golden Delicious
juice, all the three classes of phenolic compounds exhibited a
highly significant correlation with the antioxidant capacity to
scavenge the DPPH• and the F3Os were also found to highly
correlate with the ONOO−. TP and TF had a lower correla-
tion with ONOO−. Panaia-red apple juice was, instead, found
to have a stronger correlation with ONOO− (table IV).

3.5 Apple juice polyphenols concentration by HPLC

The phenolic profile of the apple juice was investigated
by HPLC analysis. Catechin, epicatechin, chlorogenic acid,
phloretin, phloridzin and quercetin-3-galactoside, six of the
major phenolic compounds of apple juices, were identified.
The HPLC pattern was similar in the juices of Panaia-red
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Table III. Antioxidant activity measured by ONOO−-mediated tyrosine nitration and DPPH. assays of apple pomace, apple juice after produc-
tion, and apple juice after 2 weeks storage at +4 ◦C, –20 ◦C or at room temperature after pasteurisation (RT). Data were analysed by t-test for
apple juice after preparation and by ANOVA for apple juice after 2 weeks storage.

ONOO− DPPH f ag bg rh

(TE g−1 DM or L−1) (%)
Apple pomace
Golden Delicious 1.58 ± 0.01 43.16 ± 5.15 7.62 5.66 0.984
Panaia-red 2.47 ± 0.18 77.44 ± 9.92 17.01 -4.38 0.997
P values b * *** *** *
Apple juice after preparation
Golden Delicious 70.26 ± 6.99 33.83 ± 9.53 7.61 –2.77 0.999
Panaia-red 620.07 ± 137.81 89.51 ± 3.88 15.82 9.7 0.916
P valuesb *** *** *** ns
Apple juice after 2 weeks storage
Golden Delicious +4 ◦C 47.93 ± 7.12 20.42 ± 5.80 4.36 –0.95 0.995
Golden Delicious –20 ◦C 64.81 ± 14.72 27.47 ± 8.02 5.31 1.67 0.998
Golden Delicious RTa 125.36 ± 49.11 38.85 ± 9.17 7.66 1.82 0.998
Panaia-red +4 ◦C 524.44 ± 198.17 82.74 ± 9.88 14.29 11.76 0.969
Panaia-red –20 ◦C 496.43 ± 229.41 75.48 ± 16.58 15.99 –1.22 0.997
Panaia-red RTa 576.08 ± 197.87 84.17 ± 9.18 17.30 1.33 0.969
P ANOVA b

Cultivar *** *** *** ns
Temperature ns ns * ns
Cultivar × Temperature ns ns ns ns

a Room temperature after pasteurisation.
b Mean differences significant at * P � 0.05, ** P � 0.01, *** P � 0.001; ns: not significant.
f DPPH. Percentage reduction measured after 120 min of reaction.
g a and b are the coefficients of the logarithmic regression [y = a ln(x)+b] on the DPPH• reduction kinetics, calculated as means of 3 replicates.
h r is the correlation coefficient of the regression curves.

Table IV. Correlation coefficient (r) and P values of the linear regression between phenolic concentration and antioxidant activity of Golden
Delicious and Panaia-red apple juice (* P < 0.05, ** P < 0.01, *** P < 0.001).

Golden Delicious Panaia-red
DPPH. ONOO− DPPH. ONOO−

r P r P r P r P
Total phenolics 0.958 *** 0.689 * 0.814 ** 0.971 ***
Total flavonoids 0.970 *** 0.701 * 0.765 ** 0.929 ***

Flavan-3-ols 0.890 *** 0.857 *** 0.686 * 0.816 **

and Golden Delicious (table V). The most concentrated com-
pound was epicatechin, followed by chlorogenic acid, cat-
echin, phloridzin, phloretin and quercetin-3-galactoside in
Panaia-red juices. Regarding Golden Delicious juices, the or-
der was the same except for the last two compounds, quercetin-
3-galactoside being more concentrated than phloretin. The
effect of variety was evident for most phenolics. Analysing
juices immediately after production, Panaia-red juices had
the highest value of chlorogenic acid, phloretin, phloridzin
and quercetin-3-galactoside, whereas no statistically signifi-
cant differences were observed in catechin and epicatechin
concentrations (table V). Moreover, the phenolic concentra-
tion of Panaia-red and Golden Delicious juices after produc-
tion was higher than in juices produced by Red Delicious,
McIntosh and Spartan, especially for catechin, epicatechin and
quercetin-3-galactoside [43].

Without pasteurisation, different storage temperatures
were shown to decrease the concentrations of catechin and
phlorizin in juices (table V). Pasteurisation and room tempera-
ture storage were the best way to preserve the phenolic content
of juices, while the worst was conservation at +4 ◦C for phlo-
ridzin and at +4 ◦C and –20 ◦C for catechin. Specifically, in
Golden Delicious juice, catechin concentration at +4 ◦C and
phloretin concentration at –20 ◦C were completely absent. In
pasteurised juice, the catechin amount increased by 42% with
respect to juice after preparation and decreased in juices stored
at –20 ◦C by 31%, whereas phloridzin concentration increased
by 29% in pasteurised juice, decreased by 32% in juice stored
at +4 ◦C and was similar in juice stored at –20 ◦C. In pas-
teurised Panaia-red juice, the catechin concentration increased
by 13% with respect to juice after preparation, whereas in
juices stored at +4 ◦C and –20 ◦C the concentration was similar
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Table V. Catechin, epicatechin, chlorogenic acid, phloretin, phloridzin and quercetin-3-galactoside concentrations of Golden Delicious and
Panaia-red apple juice after production and after 2 weeks storage at +4 ◦C, –20 ◦C or at room temperature after pasteurisation (RT). Data were
analysed by t-test for apple juice after preparation and by ANOVA for apple juice after 2 weeks storage. Values are the means ± SD (n = 3).

Phenolics content (mg L−1)
Apple juice after preparation Catechin Epicatechin Chlorogenic acid Phloretin Phloridzin Querc-3-galactoside
Golden Delicious 89.1 ± 35.0 144.4 ± 41.7 103.9 ± 25.8 1.8 ± 0.3 31.1 ± 6.1 5.9 ± 1.4
Panaia-red 148.6 ± 53.2 473.2 ± 263.8 166.2 ± 18.0 52.9 ± 12.4 116.0 ± 8.5 22.15 ± 6.0
P values ns ns * ** * ***
Apple juice after 2 weeks storage
Golden Delicious +4 ◦C 0 79.4 ± 23.4 74.8 ± 25.2 1.6 ± 0.2 21.1 ± 5.0 4.3 ± 1.2
Golden Delicious –20 ◦C 61.4 ± 25.0 116.2 ± 41.1 92.7 ± 27.7 0 33.0 ± 7.5 5.4 ± 1.2
Golden Delicious RTa 153.8 ± 49.5 165.0 ± 50.4 117.3 ± 25.7 1.9 ± 0.2 43.8 ± 9.4 6.3 ± 1.6
Panaia-red +4 ◦C 148.8 ± 43.1 474.5 ± 172.0 154.7 ± 20.0 47.9 ± 12.0 110.9 ± 7.8 23.8 ± 6.4
Panaia-red –20 ◦C 152.9 ± 41.7 529.9 ± 202.5 158.8 ± 21.3 51.3 ± 12.1 113.9 ± 8.2 25.4 ± 8.4
Panaia-red RTa 171.0 ± 60.1 572.7 ± 260.0 165.7 ± 23.3 53.5 ± 12.8 116.8 ± 8.7 21.6 ± 5.1
P ANOVA
Cultivar *** *** *** *** *** ***
Temperature ** ns ns ns * ns
Cultivar × Temperature ns ns ns ns ns ns

aRoom temperature after pasteurisation.
bMean differences significant at * P � 0.05, ** P � 0.01, *** P � 0.001; ns: not significant.

to the juice after preparation (table V). Kahle et al. [14] anal-
ysed the phenolics concentration of 4 dessert apple juices (Red
Delicious, Golden Delicious, Granny Smith and Fuji) and 7
German cider apple juices immediately after preparation. In
comparison with our results for Golden Delicious juice, they
found lower values for all the phenolic compounds analysed.
They also measured the phenolics concentration of 21 com-
mercial cloudy apple juices. The concentrations of phenolic
compounds measured in our Panaia-red and Golden Delicious
pasteurised juices were much higher than in the commercial
ones, except for chlorogenic acid [14]. Golden Delicious and
Panaia-red juices had higher concentrations of catechin and
epicatechin than some French (Ariane, Chanteline, Judeline
and Judor) and Polish varieties (Ariwa, Florina, Gold Mile-
nium, Melfree, Novamac and Rajka), and, except for Judor,
also of phloridzin. On the contrary, chlorogenic acid concen-
trations were higher in Ariwa, Gold Milenium and Melfree
juices compared with Panaia-red and Golden Delicious [46].

Catechin is a good substrate of PPO in the presence of
oxygen, and PPO is inactivated by pasteurisation [43]. These
two complementary effects could have preserved the catechin
content of our juices. Moreover, an additional extraction of
catechins from the solid phase of the juice residues and de-
polymerisation of complex structures (such as procyanidins)
to simpler compounds (catechin and epicatechin monomers)
could have happened.

4 Conclusion

Apple juice and pomace can be considered as good and
easily accessible sources for nutraceutical compounds. A
higher level of phenolic concentration and antioxidant capac-
ity were observed in the juice obtained from the typical an-
cient Tuscan variety, Panaia-red, with respect to the commer-

cial variety, Golden Delicious. Even after two weeks storage,
Panaia-red apple juice maintained a higher level of phenolic
compounds. Antioxidant activity of apple juice and pomace
was investigated by means of the peroxynitrite-induced tyro-
sine nitration test, more representative of human physiologi-
cal conditions than other antiradical assays. A desirable level
of correlation between antioxidant activity and phenolic con-
centration was observed. In addition, the high concentration
of phenolic compounds and the high antioxidant activity of
Panaia-red apple juice highlight the potential of this ancient
variety for marketable products with a larger range of distri-
bution, despite a lower yield. No treatments with pectolytic
enzymes were added to increase juice yield. For that reason,
it is important to focus the attention on apple pomace, a by-
product of juice production that revealed a significant amount
of phenolics. This paves the way for their use as ingredients
in foods lacking in polyphenols or to supply juices with addi-
tional polyphenols.

In general, phenolic concentrations and antioxidant activ-
ity remained quite stable in both varieties during storage. In
addition, our analysis showed that the best way to preserve
polyphenols in juice was pasteurisation followed by storage at
room temperature. However, it should be remembered that the
effect of antioxidant compounds on human health is largely
dependent on their bioavailability and not only on their con-
centration in food.
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