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Abstract Mandarin juices from three pure clementine (Cit-
rus clementina Hort. ex Tan.) cultivars: Clemenules, Her-
nandine and Marisol, two clementine-hybrid cultivars: Nova
(clementine × tangelo Orlando) and Fortune (clementine ×
mandarin Dancy), one mandarin-hybrid cultivar: Ortanique
(mandarin × orange) and one satsuma (Citrus unshiu Marc)
cultivar: Clauselline have been analysed for determination of
total, cumulative fast-kinetics and cumulative slow-kinetics
antiradical activities. Total antiradical activity followed the
order: pure clementine and Nova> Ortanique>Fortune and
Clauselline. Cumulative fast-kinetics antiradical activity was
the major contributor to total antiradical activity, accounting
for about 87% as average. Ascorbic acid content was the ma-
jor contributor to cumulative fast-kinetics antiradical activity,
accounting for about 93.5% as average. A weak correlation
(r2 = 0.151) between total flavanone-7-O-glycosides (FGs,
Narirutin, Hesperidin and Didymin) content and cumula-
tive slow-kinetics antiradical activity was observed. How-
ever, ascorbic acid and total FGs contents showed a sig-
nificant negative correlation (r2 = 0.658). By using the cu-
mulative fast-kinetics and slow-kinetics antiradical activities
as variables, all the assayed juices were significantly dis-
criminated (<0.05) by statistical multivariate discriminant
analysis.
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Introduction

It seems that the beneficial effects on human health due to
the consumption of citrus are known for a long time, since
this consumption was already recommended in the first book
on citrus plants written by a Chinese writer in 1178 during
the Sung dynasty [1]. Nowadays, we know that these benefi-
cial effects are mainly due to the antioxidant and antiradical
properties of citrus fruit components and, particularly, of
those found in their juices. Citrus juices are well supplied
with substances exhibiting antioxidant and antiradical activ-
ities, such as ascorbic acid [2], flavonoids [3], carotenoids
[4], anthocyanins (only in juices from pigmented citrus va-
rieties) [5, 6], cinnamic acid derivatives [7], etc. Citrus juice
intake affects both Vitamin C concentration and biomarkers
of antioxidant status in human blood [8], thus being bioac-
tive against a series of human illnesses such as coronary heart
disease [9] and some age-related disorders [10], as well as
preventive against the risk of developing certain types of
cancer [11–13].

A review of published methodologies for the determina-
tion of the antioxidant and antiradical activity of isolated
compounds, foods, juices and biological systems [14], as
well as a review about the chemistry behind antioxidant ca-
pacity assays [15] have been published recently.

There is abundant scientific bibliography dealing with the
determination of total antiradical activity of citrus juices,
mainly from sweet orange, as well as with the partial con-
tributions of the different groups of citrus juice components
to this activity. Miller and Rice-Evans [16] analysed sev-
eral sweet orange juices for antiradical activity, using the
ferrylmyoglobin/ABTS assay, and concluded that ascorbic
acid accounts for about 87% of the total antiradical activ-
ity. Gardner et al. [17] used spin electron resonance to de-
termine the ability of Vitamin C, total phenols and total

Springer



272 Eur Food Res Technol (2007) 225:271–278

carotenoids from several orange juices to reduce the syn-
thetic free radical potassium nitrosodisulphonate (Fremy’s
salt) as well as Fe(III)-2,4,6-tri(2-pycryl)-s-triazine (TPTZ)
to Fe(II)-TPTZ. Results from both assays were very simi-
lar and the relative contribution of Vitamin C to the total
antioxidant activity was estimated to be from 65 to 100%.
Sanchez-Moreno et al. [18], using the DPPH• assay, deter-
mined the relative contributions of Vitamin C, flavonoids
and carotenoids to the total antiradical activity of several
sweet orange juices, concluding that Vitamin C is by far the
major contributor (>95%) to this activity. Pretel et al. [19],
using the ABTS/peroxidase/H2O2 assay, determined the to-
tal antiradical activity of the edible tissues (juice, albedo and
carpelar membranes) of orange fruits from 17 non-pigmented
orange varieties, concluding that the relative contribution of
ascorbic acid to the total antiradical activity of the juices
was 50–82%. Rapisarda et al. [20] determined the antiradi-
cal activity of several juices from pigmented orange varieties,
using the DPPH•, LP-LUV and NO (nitric oxide) assays, and
reported that due to their high content in anthocyanins, the
relative contribution of total phenols to the total antiradical
activity was greater by far than that of ascorbic acid, which
accounted for about 15%.

Very recently, Sendra et al. [21] published a theoretical
approach to the reduction kinetics of DPPH• by antiradi-
cals found in citrus juices. These antiradicals were grouped,
according to their reaction kinetic with DPPH•, into three
general groups: fast-kinetics, fast + slow-kinetics and slow-
kinetics. Hence, the total antiradical activity of a citrus juice
is the sum of its cumulative fast-kinetics and cumulative
slow-kinetics antiradical activities. Moreover, a kinetic equa-
tion for fitting both the experimental data points from iso-
lated compounds belonging to the fast-kinetics or to the
fast + slow-kinetics group and from citrus juices was de-
duced, thus allowing the determination of total, cumulative
fast-kinetics and cumulative slow-kinetics antiradical activ-
ities of citrus juices.

There are almost no scientific references dealing with the
determination of the antiradical activity of mandarin juices
[22]. Hence, the goal of this work is to determine the to-
tal, cumulative fast-kinetics and cumulative slow-kinetics
antiradical activities, as well as the ascorbic and dehy-
droascorbic acid contents, of juices from three pure clemen-
tine (Citrus clementina Hort. ex Tan.) cultivars: Clemenules,
Marisol and Hernandine; two clementine-hybrid cultivars:
Nova (clementine × tangelo Orlando) and Fortune (clemen-
tine × mandarin Dancy); one mandarin-hybrid cultivar: Or-
tanique (mandarin × orange); and one satsuma (Citrus un-
shiu Marc) cultivar: Clauselline. The determined values of
total, cumulative fast-kinetics and cumulative slow-kinetics
antiradical activities were almost specific of each assayed
cultivar. Cumulative fast-kinetics antiradical activity was the
major contributor to total antiradical activity; ascorbic acid

(or Vitamin C) content was the major contributor to cu-
mulative fast-kinetics antiradical activity; total flavanone-
7-O-glycosides (FGs, Hesperidin, Narirutin and Didymin)
content of juices was almost uncorrelated with their cumu-
lative slow-kinetics antiradical activity, but a rather signif-
icant negative correlation between ascorbic acid and total
FGs contents was observed. Finally, statistical multivariate
discriminant analysis showed that by using cumulative fast-
kinetics and slow-kinetics antiradical activities as variables,
all assayed mandarin juices were significantly (<0.05) dis-
tinguished.

Materials and methods

Assayed cultivars

Distinct fruit samples (about 50 kg) of each cultivar were ran-
domly collected from different orchards, located in the Co-
munidad Valenciana (Spain). Fruits from each sample were
hand-squeezed and the resulting juice was either immedi-
ately analysed or stored at − 20 ◦C until analysis, which
was carried out within the next 2 days. Data on the assayed
cultivars are given in Table 1.

Reagents and standards

Methanol (spectrophotometric grade), dithiothreitol (DTT),
ascorbic acid and DPPH• (95% purity) were from Sigma
(Sigma Aldrich Co., St. Louis, MO, USA). HPLC-grade
methanol and acetonitrile were obtained from Panreac (Pan-
reac Quı́mica S.A., Barcelona, Spain). Water used was Milli-
Q grade (Millipore Ibérica, Spain). C-18 Sep-Pak cartridges
were obtained from Waters (Waters Co., Milford, MA,
USA).

Vitamin C determination in citrus juices

Citrus juice preparation

Sample preparation was carried out following published
methodologies [23, 24] with minor modifications. Twenty
millilitres of juice were centrifuged at 13 000 rpm for 5 min
at room temperature, the supernatant was decanted and fil-
tered through a 0.45 µm membrane filter. The filtered juice
was passed through a C-18 Sep-Pack cartridge, previously
activated by passing 5 mL of acetonitrile and washing with
5 mL of water. The first 5 mL of eluate were discarded and
the next 6 mL were collected. From the collected eluate, two
aliquots of 2.5 mL were prepared, the former for determin-
ing ascorbic acid and the latter for determining Vitamin C
(ascorbic plus dehydroascorbic acids). The first aliquot, after
addition of 0.5 mL of water, was filtered through a 0.45 µm
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Table 1 Harvest dates and
maturity indexes of the assayed
mandarin and mandarin-hybrid
cultivars

Cultivar Species Code Harvest date Brix
Maturity index
(Brix/acid)

Clauselline Satsuma (Citrus unshiu Marc.) CLS-1 15/10/2003 9.3 11.20
CLS-2 30/10/2003 9.5 12.00

Marisol Clementine (Citrus clementina
Hort. ex Tan.)

MRS-1 30/10/2003 10.7 8.70

MRS-2 19/11/2003 10.8 11.13
MRS-3 1/12/2003 11.8 13.26

Clemenules Clementine (Citrus clementina) CMN-1 30/10/2003 10.6 9.64
CMN-2 10/12/2003 11.0 16.40
CMN-3 15/01/2004 12.0 22.20

Hernandine Clementine (Citrus clementina) HRN-1 10/12/2003 11.5 13.85
HRN-2 8/01/2004 12.4 20.3
HRN-3 20/01/2004 14.1 24.70

Nova Hybrid between Clementine (Citrus
clementina) × tangelo Orlando
(Citrus paradisi Macf. × Citrus
tangerina Hort. ex Tan.)

NOV-1 10/12/2003 11.5 12.50

NOV-2 8/01/2004 12.2 19.10
NOV-3 20/01/2004 13.2 18.30

Ortanique Hybrid between mandarin (Citrus
reticulata Blanco) × Orange
[Citrus sinensis (L.) Osb.]

ORT-1 12/02/2004 13.8 9.70

ORT-2 25/02/2004 13.6 10.15
ORT-3 6/04/2004 12.4 10.51
ORT-4 29/04/2004 12.7 13.50

Fortune Hybrid between Clementine (Citrus
clementina) × mandarin Dancy
(Citrus tangerina)

FRT-1 25/02/2004 15.4 9.11

FRT-2 6/04/2004 16.6 10.64

membrane filter and poured into a 2 mL septum-capped glass
vial for HPLC determination of ascorbic acid concentra-
tion. The second aliquot, after addition of 0.5 mL of DTT
(20 g L−1), was left to stand for 2 h in darkness to convert de-
hydroascorbic acid into ascorbic acid. The mixture was then
filtered through a 0.45 µm membrane filter and poured into
a 2 mL septum-capped glass vial for HPLC determination
of Vitamin C. The total amount of dehydroascorbic acid was
calculated as the difference of ascorbic acid contents between
both aliquots. All samples were analysed in duplicate.

HPLC analysis

Ascorbic acid in citrus juices was quantified using a high
performance liquid chromatograph, Agilent model 1100,
equipped with vacuum degasser, binary pump, automatic in-
jector, autosampler and diode array detector. The instrument
was controlled and the chromatographic data were analysed
using a personal computer loaded with the HP ChemSta-
tion software. The column used was a 5 µm reverse-phase
C-18, 25 cm length and 4.6 mm i.d. (Luna II, Phenomenex,
Torrance, USA). Operating conditions were: detection wave-
length, 245 nm; mobile phase, MeOH/H2O (5:95) adjusted

to pH 3.5 with H3PO4; flow rate, 1 mL min−1; injection
volume, 5 µL; and column temperature, ambient.

Prior to quantification of ascorbic acid, a calibration
curve of concentration of an ascorbic acid standard (0–
1000 mg mL−1, step 100 mg mL−1) vs. chromatographic
peak area was obtained for the subsequent conversion of
peak area to ascorbic acid concentration.

Antiradical activity determination

Citrus juice preparation

Ten millilitres of citrus juice were centrifuged at 13 000 rpm
for 5 min at room temperature, the supernatant was decanted
and filtered through Whatman filter paper #1. A volume (Vo,
between 10–70 µL) of filtered juice was added to a cuvette
containing an appropriate volume of DPPH• in methanol
to yield a final volume of 3 mL (the final concentration
of DPPH• was around 100 µmol L−1). The cuvette was
end-capped immediately, shaken by hand and placed in the
spectrophotometer for analysis. Reaction time data were cor-
rected taking into account the time at which the juice was
added and the time given by the spectrophotometer. All sam-
ples were analysed in duplicate.
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UV/Vis analysis

Absorbance was measured using an Amersham (Amersham
Pharmacia Biotech., Cambridge, England) spectrophotome-
ter, model 3300 pro, set at a wavelength of 515 nm. Spec-
trophotometric quartz cuvettes (3.5 mL capacity and 1 cm
path-length) were used. Usually, four to six samples plus
a blank were analysed simultaneously at a sampling rate
of one point per 2 min per sample. Automatic acquisition
of data was stopped after a reaction time of about 60–
70 min. All samples were analysed in duplicate at room
temperature.

Results and discussion

Antiradical activity of the assayed juices

Figure 1(A) shows, as an example, the time course evolution
of the concentration (µmol L−1) of DPPH• when it is being
reduced by Clemenules juice (sample CMN-1). According
to Sendra et al. [21], each series of data points (curve) was
fitted using the simplified global kinetic equation:

y − ys = yo − y1

1 + ρ1 yot
+ y2(yo − y2)

y2 − yo(1 − eρ2 y2t )

but forcing the constraint y2 = yo + ys − y1, where y is the
time dependent concentration of DPPH•; ys is the final
(asymptotic) concentration of DPPH•; yo is the initial con-
centration of DPPH•; y1 is the final concentration of DPPH•

that would be reached due solely to the cumulative fast-
kinetics antiradical activity of the juice; y2 is the final con-
centration of DPPH• that would be reached due solely to
the cumulative slow-kinetics antiradical activity of the juice;
and ρ i = ki/σ i (i = 1, 2), being ki and σ i the average rate
and stoichiometric constants, respectively, corresponding to
the cumulative fast-kinetics (i = 1) and slow-kinetics (i = 2)
antiradical activities of the juice. It must be emphasized that
the lack of very early data points, and the subsequent use of
the simplified kinetic equation for fitting, prevent the accu-
rate determination of the average rate constant for cumulated
fast-kinetics antiradical activity. However, this has little real
importance since in mandarin juices this value is almost iden-
tical to that of ascorbic acid but the average stoichiometric
constant for cumulated fast-kinetics, which is the important
value for antiradical activity, can accurately be determined.

Figure 1(B) shows the graphical representation of
(yo − ys), (yo − y1) and (yo − y2) = (y1 − ys) (µmol L−1) vs.
Vo (µL), the volume of juice added. According to Sendra
et al. [21], the slope ms = (yo − ys)/Vo quantifies the total
concentration (µmol L−1) of DPPH· reduced per µL of
added juice; the slope m1 = (yo − y1)/Vo quantifies the

Fig. 1 (A) Time course of the reduction of the free radical DPPH•

(82.938 µmol L−1) by Clemenules (sample CMN-1) juice: 30 (•), 25
(�), 20 (�), 15 (�), 10 (�) and 5 ( ◦ ) µL. (B) Graphical representation
of the concentrations (µmol L−1) of reduced DPPH• vs. the volume
of Clemenules juice (µL) added. Total concentration reduced by the
juice: yi = ys (•); concentration reduced due to cumulative fast-kinetics
components: yi = y1 (�); and concentration reduced due to cumulative
slow-kinetics components: yi = y2 (�). Correlation coefficient (r2) >

0.998 in all cases

concentration (µmol L−1) of DPPH· reduced per µL of
added juice, but due solely to the cumulative antiradical
activity of its components exhibiting fast-kinetics; and
the slope m2 = (yo − y2)/Vo quantifies the concentration
(µmol L−1) of DPPH• reduced per µL of added juice,
but due solely to the cumulative antiradical activity of its
components exhibiting slow-kinetics. Taking into account
the value of the stoichiometric constant of ascorbic acid
(σ = 2) and the volume of the reaction (V, mL), the quotient
ms/σ is directly correlated with the total antiradical activity
(At) of the juice (At = Vms/σ mmol L−1, expressed as
molar equivalents of ascorbic acid); the quotient m1/σ is
directly correlated with the cumulative antiradical activity
(A1) due to the juice components exhibiting fast-kinetics
(A1 = Vm1/σ mmol L−1, expressed as molar equivalents of
ascorbic acid); and the slope m2/σ is directly correlated with
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Table 2 Total (At), cumulative
fast-kinetics (A1) and
cumulative slow-kinetics (A2)
antiradical activitya

(mean ± SD), ascorbic (AA) and
dehydroascorbic (DHAA) acids
contentb (mean ± SD) and total
FGs (mg L−1) in the juices of
the assayed mandarin cultivars

Sample At A1 A2 AA DHAA Total FGs

CMN-1 2.962 ± 0.005 2.699 ± 0.006 0.262 ± 0.001 2.631 ± 0.003 <0.01 55.77
CMN-2 2.794 ± 0.013 2.550 ± 0.005 0.244 ± 0.018 2.217 ± 0.014 0.026 ± 0.004 24.64
CMN-3 2.931 ± 0.021 2.639 ± 0.013 0.292 ± 0.008 2.481 ± 0.023 <0.01 48.35
HRN-1 4.030 ± 0.090 3.750 ± 0.032 0.280 ± 0.057 3.610 ± 0.003 0.115 ± 0.001 24.59
HRN-2 4.041 ± 0.015 3.742 ± 0.012 0.299 ± 0.026 3.613 ± 0.001 0.115 ± 0.006 34.10
HRN-3 3.987 ± 0.077 3.669 ± 0.071 0.318 ± 0.007 3.353 ± 0.001 0.101 ± 0.011 24.99
MRS-1 3.123 ± 0.025 2.947 ± 0.024 0.176 ± 0.006 2.765 ± 0.009 0.030 ± 0.001 96.50
MRS-2 3.053 ± 0.036 2.865 ± 0.043 0.188 ± 0.006 2.695 ± 0.005 <0.01 73.58
MRS-3 3.262 ± 0.028 3.047 ± 0.022 0.215 ± 0.007 2.922 ± 0.013 <0.01 83.42
NOV-1 3.124 ± 0.045 2.801 ± 0.040 0.323 ± 0.005 2.587 ± 0.001 <0.01 23.67
NOV-2 3.353 ± 0.006 2.975 ± 0.008 0.378 ± 0.001 2.600 ± 0.002 0.051 ± 0.007 52.43
NOV-3 3.321 ± 0.022 2.994 ± 0.028 0.327 ± 0.006 2.724 ± 0.002 0.014 ± 0.001 81.62
FOR-1 2.095 ± 0.006 1.595 ± 0.011 0.500 ± 0.017 1.536 ± 0.006 0.034 ± 0.005 103.74
FOR-2 2.236 ± 0.003 1.733 ± 0.012 0.512 ± 0.002 1.600 ± 0.001 <0.01 117.24
ORT-1 1.870 ± 0.036 1.519 ± 0.037 0.350 ± 0.002 1.425 ± 0.003 <0.01 146.47
ORT-2 1.862 ± 0.018 1.516 ± 0.029 0.346 ± 0.010 1.426 ± 0.001 <0.01 154.84
ORT-3 1.878 ± 0.008 1.579 ± 0.012 0.299 ± 0.020 1.487 ± 0.011 <0.01 190.91
ORT-4 1.704 ± 0.007 1.431 ± 0.019 0.273 ± 0.012 1.271 ± 0.004 0.035 ± 0.002 193.98
CLS-1 1.901 ± 0.028 1.460 ± 0.027 0.448 ± 0.010 1.397 ± 0.001 0.049 ± 0.005 228.19
CLS-2 1.981 ± 0.006 1.558 ± 0.015 0.423 ± 0.013 1.514 ± 0.016 <0.01 245.33

aExpressed as mmol L−1 molar
equivalents of ascorbic acid
bExpressed as mmol L−1

the cumulative antiradical activity (A2) due to the juice com-
ponents exhibiting slow-kinetics (A2 = Vm2/σ mmol L−1,
expressed as molar equivalents of ascorbic acid). Evidently,
At = A1 + A2 is fulfilled. Table 2 gives the total (At),
cumulative fast-kinetics (A1) and cumulative slow-kinetics
(A2) antiradical activities, the concentration of ascorbic
(AA) and dehydroascorbic (DHAA) acids, and the total
flavanone-7-O-glycosides (FGs) content [25], includ-
ing Narirutin, Hesperidin and Didymin, in the assayed
juices.

Contributions to the total antiradical activity

Figure 2 shows the graphical representation of the total anti-
radical activity, At (mmol L−1 molar equivalents of ascorbic
acid) vs. the cumulative fast-kinetics antiradical activity, A1

(mmol L−1 molar equivalents of ascorbic acid), for all the as-
sayed juices. Experimental data points were fitted using the
straight line At = mA1 + rt. As it can be seen, a rather good
correlation (r2 = 0.990) exists, in global terms, between total
and cumulative fast-kinetics antiradical activities, and the ad-
justed values of the parameters were m = 0.943 y rt = 0.463
(mmol L−1 molar equivalents of ascorbic acid). Thus, the
total antiradical activity of a mandarin juice seems to be
mostly due to its fast-kinetics antiradical activity. The rel-
ative contribution of A1 to At ranged from about 75% for
Clauselline and Fortune and 82% for Ortanique to 90% for
the pure clementine (Clemenules, Marisol and Hernandine)
and the hybrid Nova. The average value of this contribution
for all these assayed cultivars was 87 ± 6.34%.

Fig. 2 Graphical representation of the total antiradical activity (At) vs.
the cumulative fast-kinetics antiradical activity (A1) for all the assayed
juices: CMN (•), HRN ( ◦ ), MRS (�), NOV (�), FRT (�), ORT (�)
and CLS (�)

Ascorbic acid content and cumulative fast-kinetics
antiradical activity

Figure 3 shows the graphical representation of the cumu-
lative fast-kinetics antiradical activity, A1 (mmol L−1 molar
equivalents of ascorbic acid) vs. the concentration of ascorbic
acid, co (mmol L−1), for all the assayed juices. Experimental
data points were fitted using the straight line A1 = co + r1,
since in this case the coefficient of co must be 1 due to the
definition of the unit of antiradical activity. The correlation
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Fig. 3 Graphical representation of the cumulative fast-kinetics an-
tiradical activity (A1) vs. ascorbic acid concentration (co) for all the
assayed juices: CMN (•), HRN ( ◦ ), MRS (�), NOV (�), FRT (�),
ORT (�) and CLS (�)

was quite good (r2 = 0.987) and the value of the independent
term, r1 = 0.161 (mmol L−1 molar equivalents of ascorbic
acid), was rather small. Therefore, it seems that ascorbic
acid is by far the major contributor ( ≈ 93.5 ± 3.1%) to the
fast-kinetics antiradical activity in mandarin juices. It is ob-
vious, however, that there are some other minor contributors
to this activity, most probably polyphenolic derivatives car-
rying a free p-catechol group (i.e. chlorogenic acid). On
the other hand, the differences in the ascorbic acid content
within the assayed juices were significant. As it can be seen
from Table 2, or Fig. 3, the clementine Hernandine stood
out by its high content in both ascorbic (co>3 mmol L−1)
and dehydroascorbic (>0.1 mmol L−1) acids, followed by
Clemenules, Marisol and Nova (2<co<3 mmol L−1), and
Fortune, Ortanique and Clauselline (1<co<2 mmol L−1).

Taking into account that ascorbic acid is the major con-
tributor to the cumulative fast-kinetics antiradical activity,
which is, in its turn, the major contributor to the total anti-
radical activity, it seems evident that ascorbic acid is also the
major contributor to the total antiradical activity in all the
assayed juices. This contribution ranges from about 70% for
Clausellina juice to about 90% for clementine juices, with an
average value of 81 ± 3%. Moreover and as it was expected,
these results are similar to those published for juices from
non-pigmented (blood) oranges.

FGs content and cumulative slow-kinetics antiradical
activity

Figure 4 shows the graphical representation of the cumu-
lative slow-kinetics antiradical activity, A2 (mmol L−1 mo-

Fig. 4 Graphical representation of the cumulative slow-kinetics an-
tiradical activity (A2) vs. total FGs content for all the assayed juices:
CMN (•), HRN ( ◦ ), MRS (�), NOV (�), FRT (�), ORT (�) and CLS
(�)

lar equivalents of ascorbic acid) vs. the total concentration
(mg L−1) of FGs [25] for all the assayed juices. Experimen-
tal data were fitted using a straight line and the correlation
found was rather weak (r2 = 0.151). Therefore and taking
into account the small contribution of the juice components
belonging to the fast + slow-kinetics group to the cumula-
tive fast-kinetics antiradical activity, it seems that mandarin
juices contain other components (i.e. p-coumaric acid deriva-
tives and some carotenoids) that significantly contribute to
their cumulative slow-kinetics antiradical activity. Really,
this result is not surprising at all since any component of the
juice carrying a free phenol group is a potential contributor
to this cumulative slow-kinetics antiradical activity.

It is noteworthy from data given in Table 2 that, as a gen-
eral rule, the higher the cumulative fast-kinetics antiradical
activity, A1, the lower the cumulative slow-kinetics antirad-
ical activity, A2, and vice versa. Since the cumulative fast-
kinetics antiradical activity mainly depends on the ascorbic
acid content and the FGs are, without doubt, contributors to
the slow-kinetics antiradical activity, data given in Table 2
also indicate that in mandarin juices the higher the concentra-
tion of ascorbic acid the lower the concentration of total FGs.
Figure 5 shows the graphical representation of the total con-
centration (mg L−1) of FGs vs. the concentration (mmol L−1)
of ascorbic acid for all the assayed juices. As it can be seen,
the correlation was quite significant (r2 = 0.658).

Statistical multivariate discriminant analysis

Cumulative fast-kinetics and slow-kinetics antiradical activ-
ities, A1 and A2, as well as its quotient, A1/A2, were as-
sayed as variables for statistical multivariate discriminant
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Fig. 5 Graphical representation of the total FGs content vs. ascorbic
acid concentration (co) for all the assayed juices: CMN (•), HRN ( ◦ ),
MRS (�), NOV (�), FRT (�), ORT (�) and CLS (�)

analysis. Table 3 gives the main results from this analysis
using standardized variables. As it can be seen, the quo-
tient A1/A2 does not appear in Table 3, indicating that both
cumulative fast-kinetics and slow-kinetics antiradical activ-
ities could completely discriminate all the assayed juices at
a probability of 0.05 (significant distances of Mahalanobis
between centroids). Figure 6 shows the graphical represen-
tation of samples according to the canonical variables, as
well as the confidence limits ( ± 2.85). Data to calculate the
canonical variables, X1 and X2, from the original variables
A1 and A2 are as follows: mean value of A1, Ā1 = 2.449;
mean value of A2, Ā2 = 0.321; and matrix of factor loadings
for non-standardized variables a11 = 13.36, a12 = − 2.33,
a21 = − 18.32 and a22 = − 31.49. Thus, the canonical vari-
ables Xi (i = 1,2) are given by Xi = (A1 − Ā1)a1i + (A2 −
Ā2)a2i . On the other hand, taking into account from data
given in Table 3 that the second canonical variable almost de-
pends exclusively on the cumulative slow-kinetics antiradical
activity (A2), this canonical representation could be replaced,
with a minimum loss of efficiency, by two independent uni-
variate analyses of the weak correlated original variables
(r2 = 0.269). Figure 7 shows the bivariate representation of

Fig. 6 Representation of varieties and confidence limits (95%) accord-
ing to the canonical variables: CMN (•), HRN ( ◦ ), MRS (�), NOV
(�), FRT (�), ORT (�) and CLS (�)

samples according to the original variables, A1 and A2, as well
as their confidence limits, 0.17 and 0.049, respectively.

Results of this work indicate that the total antiradical ac-
tivity of juices from pure clementine (CMN, HRN and MRS),
and consequently their content in ascorbic acid, was higher
by far than that of the juice from the satsuma CLS. In contrast,
their cumulative slow-kinetics antiradical activity and total
FGs content were significantly smaller. Concerning the be-
haviour of the hybrids, NOV could be considered as an almost
pure clementine, ORT resembles more an orange than a man-
darin, and FRT behaves very similarly to the satsuma CLS.

Finally, results from the statistical multivariate discrimi-
nant analysis indicate that the cumulative fast-kinetics and
slow-kinetics antiradical activities, A1 and A2, can be used as
parameters to characterize and discriminate all the assayed
juices. Nevertheless, a point must be clarified. These dis-
criminant parameters have been obtained from fresh hand-
squeezed juices. However, commercial juices are obtained
using industrial extractors and they can subsequently be

Table 3 Results from the statistical multivariate discriminant analysis

Step Entered original variablea Wilk’s lambdab Approximateb F Correct classifications Factor loadingsc

First canonical variable Second canonical variable

1 A1 0.00631,6,13 343.26,13 15 1.05 − 0.18
2 A2 0.00052,6,13 86.112,24 20 (100%) − 0.54 − 0.92

aIn each sep, the variable entered and the previously entered variable were used
bDegrees of freedom shown as subindexes
cFor standardized original variables
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Fig. 7 Representation of varieties and confidence limits (95%) ac-
cording to the original variables: CMN (•), HRN ( ◦ ), MRS (�), NOV
(�), FRT (�), ORT (�) and CLS ( � )

subjected to different industrial processes (i.e., pasteuriza-
tion, concentration, storage, etc.). Since the cumulative fast-
kinetics antiradical activity mainly depends on the ascorbic
acid content of the juice, the validity of this variable as a
good characterizing parameter, after a given industrial pro-
cess, will strongly depend on the effect of this process on the
ascorbic acid concentration. Concerning to the cumulative
slow-kinetics antiradical activity of the juices and since this
activity seems to depend on much more stable components,
it is to be expected that its discriminant power, although
much more limited, will hold valid after most of the usual
industrial processes.
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23. Sánchez-Mata MC, Cámara-Hurtado M, Dı́ez-Marqués C,

Torija-Isaza ME (2000) Eur Food Res Technol 210:220–225
24. Gil-Izquierdo A, Gil MI, Ferreres F (2002) J Agric Food Chem

50:5107–5114
25. Sentandreu E, Izquierdo L, Sendra JM (2006) Eur Food Res

Technol, DOI: 10.1007/s00217-006-0330-0

Springer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


