Journal of Food and Nutrition Research (ISSN 1336-8672) Vol. 59, 2020, No. 3, pp. 207-218

Determination of quality indicators
and antioxidant activity of various fruit juices

BLANKA SVECOVA - KATERINA ANDRLOVA

Summary

For eight types of juices (apple, orange, pear, pineapple, pink grapefruit, cranberry, blackcurrant and apricot), a range
of analytical parameters was analysed in order to use them as primary indicators of juice adulteration. Dry matter,
relative density, pulp percentage, ash, pH and titratable acidity, conductivity, total content of proteins, formol number,
proline and ascorbic acid were determined in all samples. Antioxidant activity of samples expressed as Trolox equivalent
was determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid) (ABTS) assay and ferric reducing antioxidant power (FRAP) assay. The results were in correlation with total
phenolic content expressed as gallic acid equivalent. Phenolic compounds chlorogenic acid, caffeic acid, naringin,
hesperidin, rutin, quercetin and 5-hydroxymethylfurfural were determined using high performance liquid chromato-
graphy. Concentration of these compounds in samples was very variable, mostly in the order of tens of milligrams per
litre. Overall, the values of all parameters and the concentration of compounds were the most influenced by the type
of fruit from which the juice was produced. The quality control parameters analysis showed that the samples analysed
were not adulterated because the results obtained met almost all the requirements given in Czech technical standards.

Keywords

fruit juice; quality indicator; juice adulteration; antioxidant activity; phenolic compounds

Fruit juices play an important role in human
nutrition. These favourite drinks are composed
mainly of water but they contain groups of bio-
logically active compounds (saccharides, proteins,
minerals, vitamins, phenolic compounds and many
others). Juice quality is characterized by physical,
chemical, biological and sensorial parameters.
When juices are adulterated, the composition of
the final juice changes. A declared fruit content
decreases, an undeclared proportion of other
fruits or vegetables can be present, the dry matter
is lower and the content of specific markers cha-
racteristic for the juice is lower, too [1, 2]. Among
suitable quality parameters belong dry matter con-
tent and relative density (evidence of dilution with
water), concentration of sugars (higher concentra-
tion of glucose or saccharose indicates additional
sweetening), titratable acidity (addition of acids to
mask the bland taste), formol number (related to
the degree of ripeness, variety and region of ori-

gin) and concentration of ascorbic acid [1-3].
Adulteration of juices is a worldwide problem.
Dilution with water, addition of sugars, acidifica-
tion, aroma intensification or addition of various
substances are the most known fraudulent prac-
tices. Identification of adulteration is possible by
a range of methods. Numerous groups of com-
pounds related to the verification of juice authen-
ticity can be determined using various chromato-
graphic methods. Further, the methods based on
infrared spectrometry can be used for juice quality
control as well. Near infrared spectroscopy gives
a good idea of fruit content. Fourier transform
infrared spectroscopy can distinguish fruit type,
which is a useful parameter of adulteration. Nu-
clear magnetic resonance spectroscopy is a very
useful tool for evaluation of authenticity-related
parameters of fruit juices, too. However, many
practises of adulteration remain hardly detectable.
In these cases, statistical analysis methods can be

Blanka Svecova, Katefina Andrlova, Department of Analytical Chemistry, Faculty of Chemical Technology, University of

Pardubice, Studentska 573, 532 10 Pardubice, Czech Republic.

Correspondence author:
Blanka Svecova, e-mail: blanka.svecova@upce.cz

© 2020 National Agricultural and Food Centre (Slovakia)

207


mailto:blanka.svecova%40upce.cz%0D?subject=

Svecovd, B. — Andrlova, K.

J. Food Nutr. Res., Vol. 59, 2020, pp. 207-218

helpful at detection of fraud [2].

Main parameters such as low dry matter con-
tent and discrepancies in sugar or organic acids
concentration, were established as markers of
juice quality. European Fruit Juice Association
(AIJN) implemented a Code of Practise with re-
ference guidelines for quality evaluation of various
fruit and vegetable juices [4]. Classical analytical
methods as well as spectrometric or modern sepa-
ration methods are widely used in quality testing
practise with the purpose to analyse these para-
meters. In particular, titration methods (alkali-
metry, iodometry), gravimetric or spectrometric
methods can be used for determination of some of
the parameters (markers).

In this work, specific working procedures of se-
lected parameters determination were established
and performed according to Czech technical
standards [5-12]. Fruit as well as fruit juices are
generally known for the presence of natural anti-
oxidants [13-16]. These bioactive compounds are
currently being extensively studied, using a wide
range of analytical methods, including spectro-
metric and separation methods. Determination of
total polyphenols using Folin-Ciocalteu reagent
and spectrometric methods of antioxidant activity
determination such as 2,2’-azino-bis(3-ethylbenz-
thiazoline-6-sulphonic acid) (ABTS), 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) and Ferric reducing
antioxidant power (FRAP) assays are the most
frequently used. The principles of these methods
and many applications in food analysis were pub-
lished [17-21]. Determination of individual phe-
nolic compounds in juices, such as phenolic acids,
flavonoids and their derivatives, is performed by
various separation methods, but chromatographic
methods are the most commonly used. In par-
ticular, high performance liquid chromatography
(HPLC) with various types of detection mode was
used in many studies of phenolic compounds de-
termination in juices [22-28]. Among the impor-
tant markers, chlorogenic acid (5-caffeoylquinic
acid) is the most important cinnamic acid deriva-
tive in fruits and, furthermore, it is sometimes the
dominant phenolic compound [13]. Another im-
portant marker is quercetin, which is a flavonol
common in many types of fruits [13, 23].

In this study, essential parameters related
to juice quality were analysed in a range of fruit
juices. To our knowledge, this work is unique re-
garding the number of parameters analysed for
commonly available juice types. Our goal was to
evaluate the quality of the juices that consumers
most often choose.
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MATERIALS AND METHODS

Instrumentation

Analytical scales HR-200 (Helado, Hra-
dec Krdlové, Czech Republic), ultrasonic bath
Bandelin Sonorex TKS52 (Bandelin Electronic,
Berlin, Germany), centrifuge NF400 (Niive,
Ankara, Turkey) and apparatus for solid phase ex-
traction (SPE, Supelco, Bellefonte, Pennsylvania,
USA) were used for sample preparation. Spec-
trometer Hélios y (Thermo Spectronic, Corston,
United Kingdom), refractometer Abbé (Optech,
Miinchen, Germany), pH-meter GC842 (Schott
Glas, Meinz, Germany), conductometer HI/98130
(Hanna Instruments, Woonsocket, Rhode Island
USA), drying oven AX60 (Carbolite, Hope Valey,
United Kingdom) and a laboratory kiln (Va-
clav Svoboda EPS, Ri¢any, Czech Republic) were
used for classical analytical methods. HP 1100
liquid chromatograph (Hewlett Packard, Palo
Alto, California, USA) equipped with a diode-
array detector was used for analysis of phenolic
compounds.

Chemicals

Hydrochlorid acid, formic acid, sulphuric
acid, oxalic acid dihydrate, sodium hydroxide,
formaldehyde, calcium chloride, sodium sulfate
anhydrous, sodium thiosulfate dihydrate, potas-
sium dichromate, potassium iodide, iodine, pro-
line, ninhydrin, tashiro indicator, starch indicator,
selenium catalyst, silica gel, ethylene glycol mono-
methyl ether and n-butyl acetate were obtained
from Honeywell Fluka (Charlotte, North Caro-
lina, USA), Lachner (Neratovice, Czech Republic)
and Penta (Chrudim, Czech Republic). Chemicals
required for total polyphenols determination and
DPPH, ABTS and FRAP assays, namely, Folin
Ciocalteu reagent, DPPH radical (DPPH*), ABTS
and 2,4,6-tripyridyl-s-triazin (TPTZ) were ob-
tained from Sigma-Aldrich (St. Louis, Missouri,
USA). 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) and gallic acid (= 98 %)
were obtained from Honeywell Fluka. Ferric
chloride, potassium peroxodisulfate, sodium car-
bonate, methanol and ethanol, all of analytical
grade, were obtained from Lachner and Penta.

Standard compounds for HPLC analy-
sis, namely, caffeic acid (99 %), p-coumaric
acid (> 98 %), chlorogenic acid (> 98 %), 5-hy-
droxymethylfurfural (99 %), rutin hydrate (95 %),
quercetin hydrate (99 %) and myricetin (> 95 %)
were obtained from Sigma-Aldrich and Honeywell
Fluka. Other chemicals for HPLC analysis, name-
ly, acetonitrile, methanol and formic acid, were
obtained from Sigma-Aldrich. Demineralized wa-
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ter was prepared in our laboratory using Milli-Q
Reference System (Merck Millipore, Burlington,
Massachusetts, USA).

Samples

Apple, orange, pear, pineapple, pink grape-
fruit, cranberry, blackcurrant and apricot juices
were purchased in shops in Pardubice, Czech Re-
public. Specifically, these comprised two samples
of apple juice (both declared to be 100% juice
from concentrate without sugar added, two
different brands), two samples of orange juice
(both declared to be 100% juice from concentrate,
two different brands), pear juice (declared content
of fruit component at minimum 50 %), pineapple
juice (declared to be 100% juice with pulp), pink
grapefruit juice (declared to be 100% juice from
concentrate without sugar added), cranberry juice
(cranberry-apple beverage from concentrate, con-
tent of fruit component 15 %, cranberry 8 %),
blackcurrant juice (juice from concentrate, con-
tent of fruit component 25 %) and apricot juice
(juice from concentrate, content of fruit compo-
nent at minimum 40 %).

Sample preparation

Packagings of fruit juices were stored in the
laboratory before opening. After opening, they
were stored in the refrigerator until all analy-
ses were performed (1-2 days). In this case,
a necessary volume was tempered to laboratory
temperature just before each analysis. In case of
determination of quality control parameters and
antioxidant activity assays, undiluted or diluted
(if necessary) juices were directly analysed. Prior
to the chromatographic analysis, a specific sample
preparation was carried out. Firstly, the samples
were centrifuged at 2550 xg for 20 min and then
10 ml of the supernatant was used for pre-concen-
tration of the target analytes using SPE technique.
For this purpose, SPE columns Strata CI18-E
(particle size 55 um, pore size 7 nm, 500 mg/6 ml;
Phenomenex, Torrance, California, USA) were
used. Extract was collected into 2 ml of 80% etha-
nol and filtered through a nylon filter (pore size
0.45 pum) prior to the chromatographic analysis.
Samples were analysed in triplicate for each ex-
periment, four analyses were performed in case of
chromatographic analysis.

Classical analytical assays

The particular working procedures were
taken over from Czech technical standards. De-
termination of centrifugable pulp percentage [5]
was carried out by measuring of the sedimented
volume after centrifugation of sample at 2550 xg

for 20 min. Relative density was determined by
pycnometry according to Czech technical standard
CSN EN 12134 [6], conductivity was determined
with a conductometer. Gravimetric method was
used for total dry matter [7] and ash [8] determi-
nations. For dry matter content determination,
a sample of juice was mixed with silica gel and
incubated in an oven at 110 °C for 5 h. For ash
content determination, sample was left in a fur-
nace at 550 °C until it became white. Titratable
acidity was determined by potentiometric titration
with 0.25 mol-I'! sodium hydroxide to pH ~8.1 [9].
Ascorbic acid concentration was determined using
iodimetric titration. Total protein content was
determined using Kjeldahl method [10], formol
number (sum of all amino acids) was determined
by formol titration and expressed as volume of so-
dium hydroxide (0.1 mol-I-!) required for neutrali-
zation of the sum of amino acids (after reaction
with formaldehyde) in 100 ml of the sample [11].
Spectrometric determination after derivatization
with ninhydrin was used for determination of pro-
line concentration [12].

Total polyphenols determination

To a sample of juice (1 ml), 95 % ethanol
(1 ml), distilled water (5 ml), Folin-Ciocalteu
reagent (0.5 ml) and after 5 min 5% sodium car-
bonate solution (1 ml). After incubation at labo-
ratory temperature for 60 min, absorbance of the
mixture was measured at a wavelength of 765 nm
against blank. The results were expressed as milli-
grams of gallic acid equivalents (GAE) per litre of
the sample.

DPPH assay

The reaction mixture consisted of 250 ul of the
diluted sample and 5 ml of methanolic solution of
DPPH" (25 mg-I'1) containing the free radical. Re-
duction of the DPPH* was determined by measur-
ing the absorption at a wavelength of 517 nm after
25 min of the reaction in the dark. A volume of
250 ul of distilled water instead of the sample was
used as a blank. The decrease in absorption was
expressed as percentage and then re-calculated to
the equivalent amount of Trolox. Antioxidant ac-
tivity was expressed as millimoles of Trolox equiva-
lents per litre of the sample.

ABTS assay

The experiments were always performed with
fresh solution of the radical ABTS*+. A 10 mg
tablet of ABTS was dissolved with 5 ml of distilled
water and mixed with 100 ul K2S20g (0.06 mol-I-1).
This solution was left in the dark for 12-16 h.
After this time, further dilution (1:40) was done.
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The reaction was performed by mixing 500 ul of
the sample and 3 ml of ABTS** solution. The
decrease in absorbance was measured at a wave-
length of 734 nm after 30 min of the reaction in
the dark. The results were expressed as millimoles
of Trolox equivalents per litre of the sample.

Ferric reducing antioxidant power assay

In FRAP assay, a fresh solution for analy-
sis contained 25 ml of acetate buffer (0.3 mol-11,
pH 3.6), 2.5 ml of 10 mmol-I'! TPTZ solution in
40 mmol-I'! HCI and 2.5 ml of 20 mmol-I-! ferric
chloride. This solution was used as a blank.
A volume of 3 ml of this solution was mixed with
500 wl of the juice sample. The ferric reducing
ability was determined by measuring the increase
in absorbance at a wavelength of 593 nm after
40 min of the reaction. The results were expressed
as millimoles of Trolox equivalents per litre of the
sample.

HPLC analysis

A volume of 20 ul of the sample was analysed
by HPLC using the column Kromasil C18 100A
(250 mm x 4.6 mm, particle size 5 um; Pheno-
menex) tempered to 40 °C, using the mobile phase
consisting of demineralized water acidified with
formic acid to pH ~3 (A) and acetonitrile (B).
Flow rate of the mobile phase was 1 ml-min-! and
the gradient programme started with 0.5 % (B),
reaching 15 % (B) at 20 min, 45 % (B) at 30 min
and 100 % (B) at 40 min. Separated compounds
were detected at wavelengths 280 nm and 370 nm.

Statistical analysis

The results obtained were presented as
mean of three (quality control parameters), four
(HPLC) or five (total polyphenols, DPPH, ABTS,
FRAP methods) replicates = standard deviations.
Statistical analysis was applied to discover correla-
tion among individual parameters. Statistical soft-
ware MedCalc version 15.8. (MedCalc Software,
Ostend, Belgium) was used to calculate the Spear-
man’s rank correlation coefficients with appro-
priate significance levels.

RESULTS AND DISCUSSION

Quality control parameters of juice samples

First, eleven selected parameters were deter-
mined, which are important for the quality speci-
fication and for detection of adulteration. The
results obtained are summarized in Tab. 1, Tab. 2
and Tab. 3. Almost all the results obtained met the
requirement given in Czech technical standards
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for apple, orange and grapefruit juice [29-31].

One of the most important quality parameters
is the dry matter content. It may be influenced by
the sample composition, especially by presence of
the pulp and sugars. Dry matter content of the an-
alysed samples ranged from 9.4 % to 12.5 %. Two
lowest values were obtained in case of pink grape-
fruit and cranberry juices whereas higher values
were determined in pineapple and blackcurrant
juice. Czech technical standards require minimally
11.2 % for orange and apple juices [29, 30], and
minimally 10 % for grapefruit juice [31]. Our re-
sults were only slightly below these limits, which
was probably caused by the type of fruit used and
it is unlikely that it is a sign of adulteration.

The ash is the rest of the sample after burn-
ing the organic components and water. The
requirements for ash in juices are as follows:
1.9-3.5 g1 (apple juice), 2.8-5.0 g:I'! (orange
juice) and 2.3-4.5 g-I'1 (grapefruit juice) [29-31].
The samples analysed in this work met these
values. The requirements for relative density were
also met, the values obtained were slightly above
the given minimum limits (1.045 for apple and
orange juice [29, 30]). Cranberry juice had the
lowest ash content (0.42 g:I'1), the lowest relative
density (1.0399) and very low pulp percentage
(only 1 %). On the other hand, pineapple juice
had the highest relative density (1.0531), high ash
(4.18 g-I'1 ) and the second highest pulp percent-
age of 15 %. The highest percentage of pulp was
determined in pear juice, which contained 22 % of
pulp.

Conductivity and pH values of all samples
were measured using conductometer and pH
meter. Values of conductivity were in the range
of 1.07-3.40 mS-cm-l. Conductivity differed in
various types of juice, but in samples of juices
made from the same type of fruit was very similar
(Tab. 2). The highest values were determined for
pineapple, pink grapefruit and both orange juices,
the lowest conductivity was determined for cran-
berry juice. The range of pH was from 2.04 (cran-
berry juice) to 3.46 (apricot juice). The variability
in results could be caused by using different fruit
varieties as well as it could be influenced by a lo-
cality of cultivation of the fruits.

The results of titratable acidity expressed as
citric acid equivalents ranged from 3.20 gl to
13.00 g-I-'l. These values were within the range
specified by the Czech technical standards [29-31],
which state the upper limit of 7.5 g:I-'1 for apple
juice, 15.4 g-I'! for orange juice and 18.5 g:I-! for
grapefruit juice. The two lowest values were deter-
mined for apricot and pear juice. On the opposite
side was pink grapefruit juice with the highest
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Tab. 1. Dry matter, ash, pulp percentage and relative density of fruit juices.

Sample Dry matter [%] Ash [g-I] Pulp percentage [%] Relative density
Apple juice | 10.70+0.13 2.64+0.14 0.5+0.1 1.0461 = 0.0009
Apple juice Il 10.76 =£0.20 2.91+0.08 0.5+0.1 1.0458 + 0.0006
Orange juice | 10.81 +£0.23 4.21+0.07 7.0x0.2 1.0459 +=0.0010
Orange juice Il 11.05+0.13 4.20+0.08 7.0x0.1 1.0457 =0.0015
Pear juice 10.50+0.14 1.43+0.08 22.0+05 1.0434 +0.0011
Pineapple juice 12.45+0.17 4.18+0.12 15.0+0.4 1.0531 +0.0017
Pink grapefruit juice 9.39+0.13 3.48 £0.07 5.0+0.2 1.0417 = 0.0004
Cranberry juice 9.40+0.09 0.42+0.06 1.0=0.1 1.0399 + 0.0007
Blackcurrant juice 11.68+0.11 1.09+0.05 0.0+0.0 1.0523 +0.0010
Apricot juice 10.21+0.13 1.85+0.06 8.0+0.1 1.0438 + 0.0008

Values represent mean =+ standard deviation from 3 analyses.

Tab. 2. Conductivity, pH, titratable acidity and ascorbic acid concentration in fruit juices.

Sample pH Titratable acidity [g-I'] | Conductivity [mS-cm-1] | Ascorbic acid [mg-I']
Apple juice | 2.92+0.04 5.20+0.12 2.15+0.04 29.09+0.83
Apple juice Il 3.10+0.06 4.88+0.06 2.34+0.05 30.54+0.75
Orange juice | 3.44+0.06 7.09+0.08 3.06 £0.04 353.41£4.72
Orange juice Il 3.28 £0.07 8.42+0.07 3.27 +£0.09 411.59+6.83
Pear juice 2.98+0.05 3.37=0.11 1.26 = 0.06 29.09 +£0.91
Pineapple juice 3.25+0.06 5.42+0.07 3.40+0.04 186.16 = 3.60
Pink grapefruit juice 2.80+0.07 13.00+0.16 3.25+0.04 503.21 £5.62
Cranberry juice 2.04+0.06 5.66+0.10 1.07 =0.06 49.45+1.09
Blackcurrant juice 2.47+0.05 7.79+0.09 1.55+0.07 116.35 +2.21
Apricot juice 3.46+0.07 3.20+0.08 1.99+0.07 328.69 +5.61

Values represent mean =+ standard deviation from 3 analyses. Titratable acidity is expressed as citric acid equivalent.

Tab. 3. Proteins, formol number and proline concentration in fruit juices.

Sample Proteins [g-I] Formol number Proline [mg-I1]
Apple juice | 0.43+0.05 6.30+0.16 5.38 £0.57
Apple juice I 0.44 +0.04 3.60+0.11 3.42+0.28
Orange juice | 6.19+0.18 23.07 =0.28 507.95 = 7.51
Orange juice Il 5.31+0.13 22.18 +0.31 393.79 £5.11
Pear juice 1.76 =0.09 3.94=0.16 9.12+0.82
Pineapple juice 4.42+0.19 18.82+0.27 36.31+3.14
Pink grapefruit juice 4.88+0.16 18.49+0.38 65.38 +3.85
Cranberry juice 0.88+0.07 0.79+0.07 7.45+0.68
Blackcurrant juice 1.32+0.13 4.02+0.19 3.36 +£0.41
Apricot juice 1.76 =0.11 4.81+0.18 53.85+2.12

Values represent mean =+ standard deviation from 3 analyses. Formol number is expressed in millilitres of 0.1 mol-I'* NaOH per

100 ml of sample.
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were in the range 3-10 ml for apple juice, 15-26
ml for orange juice and 14-30 ml for grapefruit
juice [29-31]. The concentration of amino acid
proline varied in a wide range, specifically from
3.36 mg'I-! in blackcurrant juice on the one hand
and slightly over 500 mg-1'! in orange juice on the
other hand. It was evident that proline concen-
tration was strongly influenced by the fruit type.
Czech technical standards [29-31] reflect this real-
ity and give variable limits for proline concentra-
tion in various juices. In fact, apple juice should
contain maximum 20 mg-1-1, whereas orange juice
may contain 450-2090 mg-I-! proline. Apple juices
analysed in this work met this regulation, however
one orange juice with 394 mgl1! of proline was
below this limit. During ripening of the fruit, the
proportion of proline increases [2], so this lower
content of proline could be caused by using less
ripe oranges or a smaller fruit portion for produc-
tion of the juice. The lower concentration of pro-
line indicated the possibility of adulteration but
the formol number met Czech Technical standard
[30] and so it could not be clearly decided, if that
was adulteration or not.

Spearman’s rank correlation coefficients (rs)
among results of all methods were calculated with
a purpose to find out which parameters correlated
more and which correlated less. In total, eleven
parameters were compared and the correlation
coefficients varied greatly (Tab. 4), as expected.
The highest correlation was found between con-
ductivity and ash (rs = 0.903, p = 0.042), relative
density and dry matter (rs = 0.872, p = 0.001),
and between protein concentration and proline
(rs = 0.894, p = 0.0005). The weak correlation be-
tween pH and titratable acidity (rs = -0.321, p =
0.366) was surprising as well as the low correla-
tion between pulp and dry matter (rs = —0.037,p =

700

0.920) or between pulp and relative density (rs =
-0.177, p = 0.625).

Total polyphenols and antioxidant activity

Determination of total polyphenols and anti-
oxidant activity is currently a very popular topic
and, therefore, it was the second part of this study.
The total polyphenols determination was per-
formed using the spectrophotometric method with
the Folin—Ciocalteu reagent. All tested samples
of juices were found to be a significant source
of polyphenols, however, the total concentra-
tion varied significantly among individual juices
(Fig. 1). Results expressed as gallic acid equiva-
lent (GAE) ranged from 150 mgl-! (pear juice)
to 650 mg-1-1 (pink grapefruit juice). Apricot juice,
pineapple juice and one orange juice were found
to be rich in polyphenols (concentration greater
than 400 mg-1-1). The values of total polyphenols
determined in this work were comparable to the
results of GARDNER et al. [33], who had analysed
orange, apple, pineapple and grapefruit juices.
However, TANRIOVEN and ExsI [26] determined
much higher total polyphenol concentration of
pear juice, up to 457 mg-1-L.

Three assays (DPPH, ABTS and FRAP) were
used as complementary methods to evaluate the
potential antioxidant activity of the juices. The
results expressed as millimoles of Trolox equiva-
lents are depicted in Fig. 2. Significant differences
were observed among the different juices in the
three assays. Nevertheless, these differences in
results are quite common because each of these
methods has a different selectivity and reacts with
different groups of substances or has a different
reaction mechanism [21]. The antioxidant activ-
ity can be affected by various components of the
samples, for example reducing sugars, which can

600 -
500 -
400 -

300 A

200 A

3rn |
O 4

Total polyphenols [mg-I']

III.I

Apple juice Apple Jmce Orange Orange
juice | juice Il

Pear juice Pmeapple Pink

Cranberry Black Apricot
with pulp  grapefruit juice currant juice
juice juice

Fig. 1. Total polyphenols in fruit juices.

Results are expressed as milligrams of gallic acid equivalents. Standard deviations are from 5 analyses.
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Fig. 2. Antioxidant activity of fruit juices determined by different assays.

Results are expressed as millimoles of Trolox equivalent. Standard deviations are from 5 analyses.
DPPH - 2,2-diphenyl-1-picrylhydrazyl assay, ABTS — 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid assay, FRAP — ferric

reducing antioxidant power assay.

influence the antioxidant activity, especially when
FRAP method is used. The DPPH*® scavenging
activity of juices varied significantly within a range
from 0.4 mmol-1'! to 3.8 mmolI-1. Blackcurrant
and apricot juices showed the highest antioxidant
activity values (3.8 mmol-1'1 and 3.1 mmol-l-, re-
spectively), while pear juice had the lowest value
(0.4 mmol-I'1). The ABTS** scavenging activity
was also significantly dependent on juice type in
a range from 2.3 mmol-l-! to 6.6 mmol-1-1. Anti-
oxidant activity determined by this assay corre-
sponded with the previous results, which means
that pear juice had the lowest antioxidant activity,
whereas blackcurrant juice had the highest value.
Similar findings regarding the high antioxidant
activity of blackcurrant juice were published by
MIiLLER and RICE-EVANS [34]. The orange juices
analysed in our work had the average value of
2.9 mmolI-1, which was slightly higher than the
value 2.5 mmol-l'1 determined by PEREZ-JIMENEZ
et al. [18]. The antioxidant activity of apple juices
determined in our work (~3 mmol-1-1) was compa-
rable with several samples of fresh apple juice in
the work of KARAMAN et al. [24]. Results of FRAP
assay showed a similar trend in the results ob-
tained using methods with DPPH* and ABTS"+.
This assay confirmed, that the pear juice had the
lowest antioxidant activity (1.3 mmol-1'1), while
blackcurrant juice showed the highest value from
all samples (6.7 mmol-I-1). Slightly higher values of
antioxidant activity determined by FRAP method
(from 1.8 mmol-1-1to 9.5 mmol-1'1) were published
by WOTTON-BEARD et al. [19] in their study on
antioxidant capacity of vegetable juices.

In order to compare these methods, the Spear-
man’s rank correlation coefficients (rs) with ap-
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propriate significance levels were calculated. The
correlation coefficients confirmed a very strong
correlation among all methods. The highest
correlation was found between DPPH and FRAP
methods (rs = 0.806, p = 0.005), followed by
DPPH and ABTS (rs = 0.770, p = 0.009). Mo~
derate correlation was found between ABTS
and FRAP (rs = 0.673, p = 0.033). The corre-
lation coefficients between total polyphenols
and all other methods was the same (s = 0.697,
p = 0.025). This conformity of the correlation
coefficients can be explained by the fact that the
methods DPPH, ABTS and FRAP produce simi-
lar values, whereas the values of total polyphenols
method are several times greater.

Chromatographic analysis of phenolic
compounds and 5-hydroxymethylfurfural

The initial conditions of analysis were chosen
according to the literature [23, 25, 32] (station-
ary phase: C18, mobile phase: a mixture of acidi-
fied demineralized water with acetonitrile) and
these conditions were modified on the basis of
our previous experience in order to obtain a suit-
able method for real sample analysis. Several
columns with various dimensions were tested and
finally Kromasil C18 100A was chosen. Then, the
gradient elution was optimized. Necessary para-
meters of the proposed analytical method, the
limit of detection (LOD) and the limit of quanti-
fication (LOQ) of the followed compounds were
evaluated. These values, together with the calibra-
tion ranges, regression equations and appropriate
correlation coefficients (R?) of individual standard
compounds are summarized in Tab. 5.

The LOD values, estimated based on the
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“3:1 signal-to-noise (S/N) ratio” criterion, were
found to be within 18-93 ug-I-l. Similarly, the re-
spective LOQ values were calculated for S/N = 10.
These values ranged in an interval of 59-311 ug-1-1.
Linearity was tested in various concentration
ranges, which were chosen according to expected
concentrations of individual compounds in the
samples.

Finally, the optimized chromatographic
method was applied to the analysis of selected
compounds in real samples. The individual com-
pounds in the samples were identified by com-
parison of the retention times and UV-VIS spectra
of the standards. Quantification of the followed
compounds was performed by the external calibra-
tion method, all analyses were performed in quad-
ruplicate and results obtained are summarized in
Tab. 6.

A typical chromatogram of apple juice is pre-
sented in Fig. 3. In apple juice, a majority of domi-
nant peaks was identified, i.e. five from seven com-
pounds. The presence of an increased amount of

5-hydroxymethylfurfural is considered to be an in-
dicator of quality deterioration [35]. Its maximum
concentration is recommended to be 10 mgl!
and, thus, the concentration in the samples of
apple juices analysed in this work (2.26 mgl!
and 1.64 mg-1-1) fulfils this recommendation. The
highest concentration of chlorogenic acid was
found in both apple juices (~22 mgl1). Many
studies were devoted to determination of phenolic
compounds in various fruit juices and, in the most
of them, chlorogenic acid was determined. KAHLE
et al. [23] described the concentration of this acid
to be higher than 30 mgl! in juices made from
dessert apples and cider apples. A concentration
higher than 40 mg-I-! in fresh juice obtained from
apple varieties grown in Turkey was published by
KARAMAN et al. [24] and the concentration greater
than 73 mg-1-! was found in pear juice [26]. High
concentrations of hesperidin (13.68 mgl! and
19.01 mg1'1) were found in both samples of apple
juice as well. Naringin and hesperidin, predomi-
nant flavonoids in citrus fruits [25, 27], were found

Tab. 5. Limits of detection and determination, calibration ranges, regression equations
and correlation coefficients of the followed compounds.

Compound [/l.l_ngﬂ [,ISQ?IC)‘] Calib[r::igo.lrL;ange Regression equation R2
5-Hydroxymethylfurfural 23 76 0.10-25 y = 104.5x — 160.6 0.9983
Chlorogenic acid 93 311 0.35-50 y = 18.6x + 65.5 0.9992
Caffeic acid 69 228 0.25-25 y =423x-6.4 0.9951
Naringin 49 164 0.20-400 y =19.7x + 38.5 0.9992
Hesperidin 79 264 0.30-500 y = 20.5x - 198 0.9992
Rutin 18 59 0.06-100 y = 31.6x-545 0.9996
Quercetin 30 100 0.10-20 y =28.9x-0.8 0.9985

LOD - limit of detection, LOQ - limit of quantification, R2 — correlation coefficient.
Tab. 6. Concentration of the followed compounds in fruit juices.
Concentration [mg:I-]

Sample 5-HMF Ch'°;;%e”i° Caffeic acid | Naringin | Hesperidin Rutin Quercetin
Apple juice | 2.26+0.09 | 23.16 £0.74 | 0.45=0.03 5.39+0.29 19.01 £0.84
Apple juice Il 1.64=0.11 | 20.56+0.69 | 0.47 =0.06 5.67 +£0.37 13.68+0.77
Orange juice | 2.97+0.12 15.21+0.67 | 40.64+1.09
Orange juice Il 3.45+0.09 22.78 =0.91 48.28 +1.54
Pear juice 4.37+0.19 4.47+0.17
Pineapple juice 0.82+0.05
Pink grapefruit juice 5228 +1.77 | 365.76 £9.14
Cranberry juice 0.43+0.02 0.67 =0.03
Blackcurrant juice 0.16+0.01
Apricot juice 2.99+0.15 0.73+0.03 8.36 +0.37

Values represent mean =+ standard deviation from 4 analyses.
5-HMF - 5-hydroxymethylfurfural.
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Fig. 3. Chromatogram of the apple juice.

in high amounts in orange juices: concentration
of naringin was 15.21 mgI! and 22.78 mg-1-! and
concentration of hesperidin was 40.64 mg-1-1 and
48.28 mg-1-1. However, the highest concentrations
of these flavonoids were found in pink grapefruit
juice, which contained 52.28 mgl! of naringin
and even 365.76 mg:l-! of hesperidin. In cranberry
juice, chlorogenic acid and quercetin were found
in very small amounts (below 1 mg-1-l). However,
CHEN et al. [22] determined 5 mg'I-! of chlorogenic
acid in canned cranberry juice and 12 mgl! of
quercetin in hydrolysed products of canned juice.
VERSARI et al. [28] published the concentration of
chlorogenic acid of 26 mg-I-! in apricot juice, which
is almost ten times higher concentration in com-
parison with our work. On the contrary, the ascor-
bic acid concentration in apricot juice was nearly
double in our work in comparison with the results
published by VERSARTI et al. [28]. In that study, in
pineapple and blackcurrant juices only one com-
pound from seven phenolic compounds followed
in this work was identified. However, these two
samples surely contained certain amounts of anti-
oxidants, which is evident from values obtained
from antioxidant activity assays (Fig. 2). In subse-
quent work, it would therefore be very useful to try
to identify other phenolic compounds, which are
related with antioxidant effects of these samples.
This would be feasible with HPLC equipped with
a mass spectrometer as a detector.

CONCLUSIONS

This work involved the analysis of quality con-
trol parameters of fruit juices as well as antioxi-
dant activity determination and chromatographic
analysis of selected phenolic compounds and
together with  5-hydroxymethylfurfural. Eleven
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parameters were determined for ten samples
of various fruit juices using classical analytical
methods as titration, gravimetry or spectrometry.
Regarding this part of the work, it is possible to
state that analysed samples were not adulterated,
because almost all results met the requirements
of Czech technical standards. Nevertheless, it is
necessary to add that, in accord with our expecta-
tions, juices of renowned brands had higher qual-
ity in comparison with low-end, cheaper products.
In summary, the results were the most influenced
by the type of fruit from which the juice was pro-
duced. Results on antioxidant activity determinat-
ed using established methods and total polyphe-
nols showed a similar trend. A high antioxidant
activity was determined for blackcurrant juice
and pink grapefruit juice on the one hand, and
low antioxidant activity showed cranberry or pear
juices on the other hand. Finally, HPLC was used
for determination of selected compounds in the
juices. Five dominant compounds were quantified
in apple juice, namely, 5-hydroxymethylfurfural,
chlorogenic acid, caffeic acid, naringin and hes-
peridin. Flavonoids naringin and hesperidin were
dominant compounds in orange juice, pink grape-
fruit juice and apricot juice.
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