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SUMMARY

In recent years, 100% fruit juices have become increasingly popular among
consumers. Beverages made from apples include a wide range of products, interest
being particularly grate in direct press juices and products of organic farming that are
produced “chemical-free”. Our objective is to compare 100% apple juices produced
using different technologies, which are commercially available in Hungary, by the
complex analysis of some of their quality parameters.

For the tests, 12 varieties of 100% apple juices were used. The patulin contamination
of the products was checked with the help of the Food and Feed Safety Directorate
of the National Food Chain Safety Office by means of an HPLC-UV measurement
following a special clean-up. The hydroxymethylfurfural content of the products were
determined by spectrophotometry, antioxidant capacity by FRAP (Ferric Reduction
Antioxidant Power), CUPRAC (Cupric lon Reducing Antioxidant Capacity), DPPH
(1,2-diphenyl-2-picrylhydrazyl) and ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) methods based on radical neutralization, and the total polyphenol
content by the Folin-Ciocalteu method. Total dry matter content and ash contentwere
determined by gravimetry, while the total soluble dry matter content was determined
by refractometry. For the evaluation of the results, descriptive statistical analyses,
variance analysis, non-parametric statistical tests, Spearman rank correlation and a
statistical method based on sum of rank differences (SRD) multicriteria comparison
were used.

The patulin contamination did not reach the maximum legal limit value for any of
the products. Significant differences were found between the total and soluble dry
matter contents of the various product groups. The ash content varies, but there
is no significant difference between the two product categories. In general, the
hydroxymethylfurfural content is higher in the case of products manufactured from
concentrate, however, it was a press juice that contained extreme amounts of this
compound. In the case of press juices, higher antioxidant activities and polyphenolic
compound contents were found by all method. There are significant differences
between the individual products in terms of the latter parameters (p<0.05). Using the
SRD method, it was determined which of the products tested possessed the most
optimal characteristics from a nutrition science point of view.
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The product groups tested differ significantly from each other in terms of almost all
of the parameters measured. In general, the dry matter content of the press juices
is higher, as a result of the fiber content. These products have higher antioxidant
capacity values and polyphenolic compound contents, so they are nutritionally
more beneficial. The latter parameters correlate well with each other, indicating the
dominance of polyphenols in the development of antioxidant properties.

Introduction
Ethnobotanical characteristics of apple

Today’s well-known apple (Malusxdomestica Borkh.J
is a species that belongs to the Rosaceae family
and the Maloideae subfamily. Its origin is unclear,
it has emerged from the cross-breading of several
apple species indigenous to Europe and Asia [1].
From the point of view of climatic conditions, it
prefers moderately cool and rainy areas and mild
winters, thus it exhibits a widespread geographical
distribution. For dietary purposes, the false fruit of
the plant is used, which is typically round in shape,
with its color differing by variety. The fruit can be of a
single color, yellow, green or red, or the combination
of these, which is called complex coloring. The flesh
of the fruit is surrounded by a waxy skin. It is a widely
used raw material for the manufacture of more than
200 kinds of products [2].

A pple production in Hungary

In Hungary, based on 2016 data, apples were
produced on 34,704 hectares [3], 588 hectares of
which performed organic farming [4]. The quantity
produced was 497,108 tons, 62,663 tons of which
were put to industrial use, i.e., apple products, such
as unfiltered and filtered apple juice, as well as apple
juice concentrate were manufactured, among other
things [3].

N utritional parameters of apples

The nutritional parameters of apples differ by
variety, but in general it can be said that their energy
content is low, only 31-52 kcal per 100 grams. Their
carbohydrate content is 7-14 g/100 g, most of which
is fructose. The fiber content is approximately 2 g per
100 grams, 70% of which is water-insoluble, and the
remaining 30% is pectin [5, 6]. Among vitamins, they
contain primarily vitamin C (4.6-5 mg/100 g), as well
as potassium (107-112 mg/100 g) [5].

Although the antioxidant capacity of apples is less
than that of berries, it is still relatively high, and in
terms of phytonutrients they have an outstanding
polyphenolic compound content [7]. Polyphenolic
compounds mostly accumulate in the flesh, under
the skin [8], and their amount may reach values of
2 to 3,000 mg/kg. The dominant compounds are
catechins, epicatechins, cyanidins and quercetin [9].

Polyphenols

Phenolic compounds are secondary metabolites
of plants. They are responsible for the chemical
protection of the individual plants against pests, and
for the interference between plant and plant [10].
They occur widely in the flora and can be found in
many edible plants. More than 8,000 compounds
have already been identified [11]. Fruit polyphenols
include flavonoids, phenolic acids and tannins,
among other things [12]. In foods, they are often
responsible for the development of color, sour and
bitter smell or taste [13]. During food production,
they can cause discoloration and turbidity as they
form complexes with metals and proteins [14].

These compounds are primary (chain-breaking)
antioxidants [15], they can help prevent
cardiovascular and neurodegenerative diseases, and
may have a preventive effect on certain cancers [16,
17, 18]. Due to their antimicrobial and antioxidant
effects, they can help to increase shelf life in the food
industry [19].

Free radicals and antioxidants

Free radicals are atoms or molecules whose outer
electron shell contains one or more unpaired
electrons, ortheir energy levels arehigherthan normal
and therefore they are highly reactive. Consequently,
they can trigger redox reactions that damage
especially lipids, proteins and nucleic acids that build
up living organisms [20]. They are usually molecules
or molecule parts with oxygen, nitrogen, sulfur or
carbon atoms at their center [21]. Depending on the
conditions or their quantity, they may act as oxidizing
or reducing agents, they can transfer their unpaired
electron to another atom or molecule, but they can
also pick one up from the reaction partner [22].

An antioxidant is any substance that is present in small
amounts compared to the oxidizable substrate, but
can significantly reduce or even inhibit the oxidation
of the substrate [23]. The task of the antioxidant
protection system is to protect living organisms
from damage caused by free radicals in such a way
as to minimize the amount of free radicals that form
in the body or counteract their harmful effects. This
system is organized on several levels: it comprises
antioxidant enzymes (e.g., superoxide dismutase,
catalase, glutathione peroxidase) and non-enzymatic
compounds (e.g., antioxidant vitamins: vitamins C, E
and A, polyphenolic compounds, carotenoids, etc.)
[24].
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However, it is important to note that, based on recent
studies, there has been a paradigm shift regarding the
significance and applicability of antioxidant capacity
results obtained using in vitro methods, because
these methods do not provide sufficient information
on the actual bioavailability of the compounds. Due
to the limitations of the methods, such as the nature
of the free radicals examined, the results of ,test tube
experiments” cannot be directly applied to in vivo
health effects. At the same time, in vitro antioxidant
capacity is an important indicator of the quality of
certain foods and has a direct effect on the inhibition
of oxidation processes in foods [25, 26].

Patulin
Chemically, patulin is an unsaturated lactone
produced by certain species (e.g., Aspergillus

clavatus, Penicillium expansum and Byssochlamys
nivea) of Penicillum, Aspergillus and Byssochlamys
strains. It has been proven to damage membranes,
after breaking up the plasma membrane it reacts with
the sulfhydryl group of proteins and amino acids,
thereby altering the functioning of enzymes. Acute
toxicity is rare, but it can cause a number of different
symptoms, including restlessness, seizures, vascular

congestion, edema, digestive and respiratory
symptoms. In severe cases, internal bleeding or
cerebral edema may develop. In chronic cases

(in the case of long-term exposure) it is genotoxic,
immunotoxic, may damage the kidneys and disturb
protein synthesis [27]. According to the classification
of the International Agency for Research on Cancer,
it belongs to Group 3, i.e., it is not classifiable as to
its carcinogenicity to humans, because there is not
enough information on the carcinogenic effects of
the compound [28].

The amount of patulin in foods is legally regulated.
According to Commission Regulation (EC) No
1881/2006 the maximum level of patulin in fruit juices
and spirit drinks is 50 pg/kg, in solid apple products
it is 25 pg/kg, and in baby foods it is 10 pg/kg. The
maximum tolerable daily intake is 0.4 pg/kg bw [29].

Hydroxymethylfurfural

5-(Hydroxymethyl)furfural (HMF) is produced in
carbohydrate-containing foods in the Maillard
reaction that takes place between simple sugars
(glucose, fructose) and amino groups, especially
at low pH values and high temperatures. It is not
present in fresh foods and its formation can be
linked to heat treatment, so it can be an indicator
compound of the extent of heat treatment the food
has been subjected to or of storage conditions
[30]. In animal studies, its cute toxicity is low, its
carcinogenicity is not unequivocally proven based on
the evidence [31]. In the body, it can be converted
into sulfoxymethylfurfural (SMF), and so it may be
indirectly genotoxic [32].
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M aterials and methods
T est samples

For the tests, 12 different 100% apple juices,
commercially available in Hungary, were used, five
of which were made from concentrate, while seven
of them were plain press juices. Three of the press
juice products came from organic farms. Apple juices
were purchased from retail stores two weeks prior
to the start of the experiments. 4 to 10 liters of each
product were purchased in 1to 5 liter sizes, making
sure that the samples of each product come from
the same batch, so that they have the same date of
minimum durability. Characteristics of the samples
are shown in Table 1.

C hemicals and instruments

Spectrophotometric methods were performed using
a Thermo Helios Alpha UV-VIS (+0.001 absorbance
unit) spectrophotometer with cuvettes of 1 cm path
length.

The methanol and 96% ethanol used for the
tests were purchased from  Sigma-Aldrich.
Hydroxymethylfurfural (Acros), ascorbic acid (VWR),
gallic acid (Sigma-Aldrich) and trolox (6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid,
Sigma-Aldrich) were used as standards.

In addition, barbituric acid (Acros), p-toluidine
(Sigma-Aldrich), propanol (Sigma-Aldrich), Folin-

Ciocalteu reagent (Sigma-Aldrich), TPTZ (2,4,6-tri(2-
pyridyl)-s-triazine, Sigma-Aldrich), iron chloride
hexahydrate (Sigma-Aldrich), ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid, Sigma-Aldrich),
potassium persulfate (Acros Organics), copper(ll)
chloride (Alfa Aesar), neocuproine (2,9-dimethyl-1,10-
phenanthroline, Sigma-Aldrich), sodium carbonate
(Sigma-Aldrich), sodium acetate (Sigma-Aldrich),
acetic acid (Sigma-Aldrich), ammonium acetate
(Molar Chemicals Ltd.), hydrochloric acid (Carlo
Erba) and distilled water were used for the reactions.

A nalytical methods
Patulin contamination

Patulin contamination was analyzed by an HPLC-UV
method in the Food Toxicology National Reference
Laboratory of Nebih, following acetonitrile extraction
and a special clean-up. The method is accredited
by the National Accreditation Authority for plant
matrices, with the ID no. PAT/HPLC/87/2013 [33].
Results are given in pg/kg.



Total dry matter content, total soluble dry matter
content

Total dry matter content was determined by
gravimetry after drying at 60 °C in a drying oven,
total soluble dry matter content was determined by
refractometry, using a Zeiss-Abbe refractometer.
Results are given in percent.

Ash content

Ash content was determined by a gravimetric
method, after incineration on an open flame in a
furnace, following ignition at 600 °C. Results are
given in percent.

Hydroxymethylfurfural content

Hydroxymethylfurfural content was determined by a
spectrophotometric method based on the color reaction
of the compound with barbituric acid and p-toluidine
(Winkler method) [34]. Results are given in mg/l.

Antioxidant capacity

Sample preparation: In the case of unfiltered apple
juice samples, the analysis was carried out after
centrifugation from the supernatant. lorderto perform
the measurement inthe appropriate calibration range,
dilution tests were carried out, and on the basis of
these, measurement of the antioxidant activity and
polyphenolic compound content of apple juices was
carried out after dilution of the samples with distilled
water.

FRAP method: The principle of the method is that the
iron-2,4,6-tripyridyl-s-triazine (Fe3~TPTZ) complex is
reduced by antioxidants at low pH to the Fe2~complex
[35] .This reaction is accompanied by a color change,
during which the original yellowish brown complex
turns blue, with an absorption maximum of 595 nm
[36] . Results are given in ascorbic acid equivalent
[AaEq], in mg/l.

CUPRAC method: Due to the reducing ability of
antioxidants, the oxidation number of the Cu2+ ion
of dissolved CuCl2 decreases. The resulting Cul+
dimerizes the neocuproine in the reaction mixture at
pH 7, thus turning it into a yellowish compound. The
color change can be followed by a spectrophotometer
at a wavelength of 450 nm [37]. Results are given
in trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) equivalent [ TEq], in pmol/l.

DPPH method: Antioxidants react with the
1,1-diphenyl-2-picrylhydrazil (DPPH) radical in the
reaction mixture, as a result of which the compound
loses its original dark purple color, and this change
can be followed at 517 nm. The more antioxidant type
compounds are found in a given volume sample, the
more intense the color loss is [38]. Results are given
in trolox equivalent [TEq], in pmol/l.

ABTS method: The method is based on the oxidation of
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
(ABTS). The potassium persulfate used for the reaction
forms a colored free radical from ABTS at pH 7.4, which
is captured by the antioxidants of the sample. This color
change can be followed at 734 nm [39]. Results are
given in trolox equivalent [TEq], in pmol/l.

Total phenolic content (TPC)

The Folin-Ciocalteau method was used for the
analysis. The full chemical background of the reaction
is unknown. The Mo(VI) in the Folin reagent reacts
with the reducing compounds, such as polyphenolic
compounds, of the test sample at pH 10. During the
reaction, blue Mo(V) is formed, with an absorption
maximum at 750 nm [40]. Results are given in gallic
acid equivalent [GaEq], in mg/I.

Data analysis

During data analysis, the Mann-Whitney test and
one-way analysis of variance were used with a Tukey
post hoc test to reveal the differences between the
samples [41], using the XLStat software (Addinsoft,
Paris, France).

The principle of the sum of ranking differences
(SRD) method was described by Héberger, while
its validation and software implementation were
completed by Héberger and Kollar-Hilnek [42, 43].
The non-parametric method does not require the
condition of normality in the data set. One of the
milestones in the development of the SRD method
was the possibility of analyzing data with binding,
which is described in detail in the 2013 publication of
Kollar-HGinek and Héberger [43]. The macro written
in Microsoft Excel VBA environment requires, as an
input format, the ordering of cases (in our case, the
results of the measurement methods) in rows and
the variables to be compared (apple juice products)
in columns. There are four options for comparison,
which are handled by the software as reference
values: average (Ave), maximum (Max), minimum
(Min) or read value (Read). In our work, the read value
was used, so for each measurement result the best
one was selected as reference. The SRD method
is based on the fact that the closer the ranking of
the results of a particular sample is to the reference/
standard SRD value, the more it resembles the given
reference. The SRD method is freely downloadable
via the following link: http://aki.ttk.mta.hu/srd/ .

Results
Patulin content

Detectable contamination was found in one sample
only: the amount of mycotoxin in the product was 28
pa/kg. In the case of the other samples, the patulin
content was below the LOQ (Limit of Quantitation
[44]) of 6.8 pg/kg of the method used.
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Total dry matter content and soluble dry matter content

The total dry matter content was in the range of 12.11
to 15.04%, and it was generally higher in the case of
press juices. The maximum of the total soluble dry
matter content was around 10% for each product.
There was a significant difference between the
product groups in the case of both parameters. The
results are shown in Figure 1.

Ash content

By determining the ash content, information is
obtained about the inorganic content of the products,
which are made up of the natural constituents of
apple juices (macroelements, trace elements) and
possible impurities.

As can be seen in Figure 2, the ash content of the
apple juices examined varies from 0.13 to 0.24%.
The highest and lowest values were found in the
case of products prepared from concentrates, while
the difference between the values of the two product
groups was not significant.

Hydroxymethylfurfural content

The hydroxymethylfurfural (HMF) content is an
indicator of the extent of heat treatment the product
has been subjected to: the higher the HMF content,
the more intense the heat treatment of the given
apple juice has been. The amount of the compound
was greatest in a press juice (4.51 mg/l), followed by
two apple juices made from concentrate (3.25 and
2.57 mg/l). It is present in the lowest amount in a
product manufactured by pressing (1.50 mg/l). In the
case of the other press juices, the HMF content is
about the same, the amount being lower than that
of products prepared from concentrate. For the
latter product group, there are greater differences
between the products in terms of the amount of
the compound. There were significant differences
between the products. The HMF content of the apple
juices is shown in Figure 3.

A ntioxidant capacity

In the case of antioxidant capacity, different
tendencies could be observed for the two groups:
the values for press juices were higher. The same
product of the product group exhibited the highest
value in the case of all of the methods (1626.20 mg/I
[AaEq]; 9323.29 pmol/l |JEq]; 5188.02 pmol/l |JEq];
6839.82 pmol/l |TEq]). Among the products prepared
from concentrate, the values of the product with the
highest antioxidant capacity were one fifth to one
quarter of the above (388.30 mg/l [AaEq]; 3542.25
pmol/l [TEq]; 965.03 pmol/l [TEqg]; 1394.99 pmol/l

[TEaD).

The antioxidant capacity of a product prepared from
concentrate was the lowest both in the product
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group and among all of the samples tested (85.07
mg/l [AaEq]; 527.29 pmol/l [TEq]; 287.13 pmol/l [TEq];
327.79 pmol/l [TEq]). The values of the product with
the highest antioxidant capacity were approximately
twenty times higher. The results obtained are shown
in Table 2.

Total phenolic content

In terms of polyphenol content, the two product
groups are clearly separated: the values for press
juices are several times higher than those of products
prepared from concentrate. Products within the
same group also differ from each other significantly:
the value for the product with the highest polyphenol
content (2351.08 mg/l [GaEq]) is approximately three
times higher than that of the product with the lowest
value within the group (819.54 mg/l [GaEq]).

There is a similarly large difference between the
products prepared from concentrate. The polyphenol
content of the product with the highest value (770.48
mg/l [GaEq]) is more than four times higher than that
of the product with the lowest polyphenol content
(186.32 mg/l [GaEq]). Similarly to the antioxidant
capacity values, this product has the lowest
polyphenol content of all the products tested. The
product with the highest value possesses levels that
are approximately twelve times higher. Total phenolic
compound results are shown in Figure 4.

Results of statistical analysis

Based on teh correlation analysis, there is a strong
relationship between the results of antioxidant
capacity measurements and the total phenolic
content. Results of the Spearman rank correlation
are shown in Table 3, in the correlation matrix.

With the help of the SRD method, the best result was
selected for all the parameters measured. These are
the highest total dry matter content, in the case of
the total water-soluble dry matter content the Brix
value closest to the Brix value of 11.2% for fruit juices
prepared from apples, as given in guideline 1-3-
2001/112 of the Hungarian Food Codex, the highest
ash content, the lowest hydroxymethylfurfural
content, the highest antioxidant capacity value for
each method, and the highest total phenolic content
value. With their use, an imaginary reference product
was created by the method, to which the products
tested are compared. Results are shown in Figure 5.

Three press juices (P1, P2, P5) are most similar to the
reference product, these are followed closely by the
other four products of the product group (P3, P4, P6,
P7). Of the products prepared from concentrate, one
is outstanding (K1), while the other four products of
the group from two groups (K4, K5 and K2, K3).

It can be seen that the product groups are clearly
separated by the method, however, the products



within the groups also differ from each other, which
is probably due to the differences between the fruits
used as raw materials and their qualities. Based on
the parameters investigated, product K1 is located at
the border of the two categories.

On the basis of the analytical parameters investigated
and the statistical analysis, it can be stated that press
juices are more beneficial than products prepared
from concentrate from a nutrition physiology point of
view.

Discussion

In the course of this research, apple juices with a
fruit content of 100%, produced using different
technologies, were investigated. The parameters
studied in the laboratory were patulin contamination,
dry matter and ash content, hydroxymethylfurfural
content, antioxidant capacity and polyphenolic
compound content.

In terms of patulin contamination, the situation is
different in countries around the world. According to a
study from 2000 to 2011, processing Spanish market
product data, mycotoxin contamination of apple
juice products from non-EU countries exceeded
the EU limit value [45]. An Iranian study showed
that in 37.5% of 8 apple juice products available in
supermarkets the patulin content was higher than
50 pg/kg [46]. In Tunisia, 27 of 42 apple juices were
contaminated [47].

Products from EU member states usually comply
with regulations. In a study conducted in Portugal,
the amount of patulin in apple juices purchased in
local supermarkets and organic stores was below the
limit value, did not reach the LOQ value or was below
the limit of detection [48]. The patulin content of
apple juices produced in or imported by Belgium did
not exceed the limit value either, and no statistically
significant difference was found between the
contamination of press juices and traditional apple
juices [49].

As a counterexample, Romania can be mentioned,
where 6% of 50 apple-based products had mycotoxin
levels higher than the upper limit value [50].

In a Hungarian study, the contamination of 24 apple
juice concentrates was checked. Patulin content was
below the upper limit value for all of the samples [51].

The apple juice samples examined by us came
from Hungary and from EU member states.
Patulin contamination exceeded the LOQ (Limit of
Quantitation) value in the case of only one of the 12
samples with the method used by the NFCSO. In this
one sample the amount of the patulin was 28 pg/
kg, which is below the European Union limit of 50
pg/kg. The fact that the extent of contamination is
lower in EU member states is probably due to stricter

regulations for the agricultural sector and the food
industry.

It is noteworthy that although, according to the
literature, the amount of mycotoxin in most products
does not reach 50 pg/kg, in many cases it exceeds
the upper limit value of 10 pg/kg in products intended
for children and the maximum daily intake value. This
can raise food safety issues if these products are
regularly consumed by children. At the same time,
based on our own measurement results, mycotoxin
contamination only occurs in very rare cases in the
domestic commercial sector.

Hydroxymethylfurfural (HMF) can be used as an
indicator of the extent of heat treatment of fruit juices
[52] . According to literature data, the compound is
present in apple juices in varying amounts.

In a storage experiment, the initial HMF content of the
three apple juice samples tested were 4.39 mg/l, 1.86
mg/l and 28.55 mg/l, respectively, which increased
significantly during storage at elevated temperatures
[53] .

According to the results of a comparative study of
apple juices made from concentrate and so-called
cloudy apple juice (unfiltered apple juice) products,
the HMF content was 0.57-3.5 mg/l for the former
product group, while it was between 0.36 and 0.48
mg/l for the latter group [54].

In a Canadian study, apple juices made from
concentrate and from fresh fruit were used: in
fresh products, the amount of the compound was
between 0 and 2.55 mg/l, while in the products
made from concentrate it was between 0.4 and
2.3 mg/l [55].

The HMF content of the apple juices used in our
research showed a variation similar to literature data,
however, the trend observed (higher HMF content
detected in products prepared from concentrate)
is the same as in the literature. The differences
can mainly be due to the different production
technologies of the product groups and the products
and to different storage conditions.

In terms of the in vitro antioxidant capacity, literature
data show great differences. Since there is no
universal laboratory method for the analysis of this
parameter, instead of the exact values, it is better to
observe the differences between the average values
for the products and product categories.

Antioxidant activity is significantly influenced by
the apple variety used as the raw material. The
antioxidant activity of the Red Delicious variety, often
used for the production of apple juices, is higher than
that of the also popular Golden Delicious or Idared
varieties [56].
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Activity values show a clear decrease during
production. According to a study, the antioxidant
activity of freshly pressed apple juice is 3-10% of
that of the whole fruit, in the case of several apple
varieties [57].

Based on a study comparing 90 products, the
antioxidant capacity of unfiltered apple juices
prepared from concentrate and not from concentrate,
as measured by the TEAC (Trolox Equivalent
Antioxidant Capacity) method, was much higher on
average (2.8-7.1 and 2.1-17 mmol/l [TEq]) than of
filtered products prepared from concentrate (1.1-
4.6 mmol/l [TEq]). Our own measurements produced
similar values [58].

Significant differences were observed in this
parameter in the case of filtered and unfiltered apple
juices that underwent enzymatic and microfiltration
pectin removal procedures. Microfiltration was more
favorable for preserving antioxidant activity, however,
the values for unfiltered juices were higher both in
the case of the enzymatic and the filtration procedure
[59].

The antioxidant capacity of the apple juices examined
by us showed a tendency similar to that of the
literature: products prepared by pressing achieved
higher values in the case of all of the methods used.

Polyphenolic compounds possess antioxidant
properties as well, so the total phenolic content
is closely related to the antioxidant capacity
[11]. Compared to the entire range of fruits, the
polyphenolic compound content of apples is not
outstanding, but it can reach even 2,000-3,000 mg/
kg [GaEq] [9]. The variety of the apple is also an
important factor from this point of view as well [56].

Inthe case of apple juices prepared in the laboratory,
the total polyphenolic compound content of the
unfiltered type was nearly one and a halftimes higher
than that of filtered products: in the case of the
Champion apple variety, the value was 1044.4 mg/l
for the former and 689.5 mg/I for the latter [60].

One study compared the total phenolic content of
24 commercially available apple juices. In the case
of filtered apple juices, the compounds were present
in amounts of 109.9,165.5 and 172.7 mg/l [GaEq], In
unfiltered products, the value varied widely, ranging
from 152.2 to 459.0 mg/l [GaEq] [61].

The 90-product research already mentioned in the
antioxidant activity section showed a similartendency
for polyphenolic compounds: the polyphenol content
of unfiltered apple juices prepared from concentrate
and not from concentrate was higher (385-757 and
171-1925 mg/l [GaEq]) than that of their filtered
counterparts prepared from concentrate (116-448
mg/l [GaEq]) [58].
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In the case of the apple juices examined in the course
of this research, the total polyphenolic compound
content results were similar to those described in
the literature: pressed juices had a higher polyphenol
content.

Based on the statistical analysis of our results, the
antioxidant capacity and the total phenolic content
are closely related, i.e., the antioxidant properties of
apples are mainly determined by their polyphenols.
This is also supported by the results of other studies
[58, 62, 63].

Conclusions

Based on the results of our research work and
literature data, the following conclusions can be
drawn.

Based on the results of patulin contamination
analyses, products on the domestic market comply
with Commission Regulation (EC) No 1881/2006, the
overall picture is reassuring in terms of food safety.

During the analysis of the dry matter content,
significant differences were found between the two
product groups. Press juices have a higher total dry
matter content, which is obviously due to the fiber
content.

The ash content ofthe different products varies within
arelatively wide range, however, there is no significant
difference between the product categories based on
the test results. This may indicate that the parameter
is less influenced by technological differences than
by the variety and quality of the apples used as raw
material.

The hydroxymethylfurfural (HMF) content is highly
dependent on the manufacturing technology,
particularly on the extent of heattreatmentthe product
is subjected to, as confirmed by our own research
results. The amount of the compound was generally
higher in apple juices prepared from concentrate,
however, an outstanding value was observed in a
press juice. According to information obtained from
the manufacturer, the product is subjected to so-
called ,prolonged heat treatment”, that is to say,
after the heat treatment, the apple juice is filled into
the packaging material without cooling, and it is then
allowed to cool slowly at the temperature of the plant.
This procedure is also used in the case of another
press juice examined by us, but the value was lower
in that case.

The amount of HMF in the product is also influenced
by the storage conditions. During prolonged
storage at elevated temperatures, the amount of the
compound has increased significantly in the apple
juices [53]. It is likely that the higher HMF content
of the product analyzed by us is due to the different
storage conditions.



The close correlation between the antioxidant
capacity and the total phenolic content indicates
the dominance of polyphenolic compounds in the
development of the antioxidant capacity of apple
juices, which is also supported by literature data [58,
62, 63].

Press juices have a higher polyphenolic compound
content, which is probably due to the more gentle
production technology. This is indicated by the lower
hydroxymethylfurfural content.

As a final conclusion, it can be stated that, based
on the laboratory parameters examined by us,
the statistical analyses and literature data, the
consumption of 100% fruit content apple juices can
have a beneficial effect on our health. The products
are safe, their consumption is beneficial due to the
preserved health-protecting components. From a
nutrition physiology point of view, press juices are
a better choice because of their fiber content and
outstanding polyphenolic compound content, which
is due to the more gentle production technology.
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