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Antioxidant Activity, Color, Carotenoids Composition,

Minerals, Vitamin C and Sensory Quality of Organic and
Conventional Mandarin Juice, cv. Orogrande

P. Navarro,' A.J. Pérez-Lopez,"* M.T. Mercaderfl A.A. Carbonell-Barrachina®
and J.A. Gabaldon
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Jerénimos s/n, 30107 Guadalupe, Murcia (Spain)

2Department of AgroFood Technology, Miguel Herndndez University. Carretera de Beniel,
km 3,2. 03312 Orihuela, Alicante (Spain)

The effects of organic farming on antioxidant activity, CIE L*a*b* color, carotenoids composition, min-
erals contents, vitamin C and sensory quality of Orogrande mandarin juices were studied. Independent of
the farming type, mandarin juices can be considered as good source of some important nutrients, such as
potassium and antioxidant chemicals, for example, B-cryptoxanthin. Organic farming of mandarins
resulted in juices with higher antioxidant activity, total carotenoids concentrations, minerals (Ca, K and
Fe) contents, vitamin C content, more appealing and intense orange color and better sensory quality. For
instance, organic Orogrande juice contained significantly (p <0.001) higher total carotenoids content
(22.7+£0.3mg/L) than conventional juice (15.7+ 0.4 mg/L); a similar pattern was observed for the antiox-
idant activity, with values being 0.076 £0.004 and 0.053 £0.003 mM Trolox m/L in organic and convec-
tional juices, respectively. A trained panel stated that organic Orogrande juices had higher intensities of
orange color, fresh mandarin and floral aromas than conventional juices.

Key Words.: B-cryptoxanthin, mandarins, organic farming, Orogrande, juices, sensory evaluation

INTRODUCTION

During the last years, organic farming has experi-
enced a strong growth due to several factors, including
growing consumers’ interest on: (i) food safety,
(i1) healthy diets and (iii) respect for the environment
(Burch et al., 2001).

Organic farming could be defined as the agricultural
techniques, which exclude the use of synthetic chemicals,
such as fertilizers, pesticides, antibiotics, etc., with the
objective of preserving the environment, keeping or
improving the fertility of soils and providing foods
with all their natural properties (Canavari et al., 2002).

In the European Union (EU), the land area dedicated
to organic foods is 3.5 million ha, which represents only
3% of the total EU useful agricultural area. Italy is the
country within the EU with more land dedicated to
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organic farming, followed by Germany, UK, Spain
and France. Organic farming has become one of the
most dynamic agricultural sectors, with organic agricul-
tural products yielding an income of approximately
13—14 billion euros in 2005. In Spain, organic farming
started about 25 years ago and nowadays is a quite
promising sector, with about 350 000 ha being cultivated
in 1999 (Foster and Lampkin, 2005).

Oranges and mandarin oranges are two of the agri-
cultural products with the highest demand among fruits
consumers. Spain is the second world producer of man-
darin oranges and the main supplier to the international
market (MAPA, 2005).

Because prevention of chronic illnesses is always a
better strategy than their treatment, reducing the risk
of heart diseases and cancer, through a healthier diet,
has become a topic of the greatest interest for the health
professionals, researchers, food technologists, food
chemists and nutritionists. For this reason nowadays,
the production of organic fruits and vegetables is being
supported by most of the European governments and
official institutions and organisms (Liu, 2003).

In general, citric products have high contents of nat-
ural antioxidant compounds, which are often related to
reduction of neurodegenerative illness, certain types of
cancer, heart diseases, etc. Therefore, consumption of
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citric products seems to help in maintaining and reinfor-
cing the health of consumers (Thomasset et al., 2007)
because of their high antioxidant activity (Vinson
et al., 2001; Meléndez-Martinez et al., 2007a, c).

The synthesis and composition of these compounds
depend on the species type and even on the fruit cultivar
or variety. The farming type, the application of chemical
products, such as fertilizers, pesticides and the type and
abundance of irrigation will also affect both the bio-
chemical composition (both qualitatively and quantita-
tively) and the activity of fruits (Meléndez-Martinez
et al., 2007b, ¢).

Carotenoids provide fruits with their characteristic
colors and have important biological functions.
Although approximately more than 600 carotenoids
have been reported, only 60 carotenoids have pro-vita-
min A activity. Citrus fruits can have more than 115
different carotenoids. The main carotenoids found in
mandarin oranges are: B-cryptoxanthin, violaxanthin,
neoxanthin, lutein, antheraxanthin, o-carotene and
B-carotene. From these compounds, B-carotene, a-caro-
tene and B-cryptoxanthin are the ones with the highest
pro-vitamin A activities (Meléndez-Martinez et al.,
2007a). Carotenoids (Cy4 tetraterpenoids) are synthe-
sized by plants from eight Cs isoprenoid units,
producing phytoene as the first C4y carotenoid
(Rodriguez-Amaya, 2001), as a defensive mechanism
against external aggressions. This is the main reason
why organic oranges and mandarin oranges, which
have not been treated with synthetic pesticides and/or
chemicals to protect them against illnesses, usually have
higher carotenoids contents than conventionally grown
fruits (Heaton, 2001).

The main objective of this study was to assess the
effect of different agricultural practices on total antiox-
idant activity, carotenoid composition, vitamin C, min-
erals and instrumental color of mandarin oranges
(cultivar Orogrande).

MATERIALS AND METHODS
Fruit Material

Both conventional and organic mandarin oranges
(Citrus reticulata L.), var. Orogrande, were grown in
the same farm and under identical conditions of soil,
irrigation and illumination in eastern Spain (Librilla,
Murcia). The citrus rootstock was the same for both
mandarin trees, Carrizo citrange (Citrus sinensis L.),
and all selected trees were about 10-year-old and free
of diseases. Fruits were collected in autumn (second
week of October, 2007) when proper values of diameter,
pH, total soluble solids content (SSC, °Brix) and matu-
rity index (total soluble content/titratable acidity,
SSC/TA) were reached (Table 1).

Table 1. Main properties of Orogrande mandarin
oranges (at collection time) and fresh juices as
affected by agricultural practice (conventional or

organic).
Farming type
Property Conventional Organic
Weight (g) 94.3+x6.9a 88.5+x4.7a
Diameter (mm) 57.6+2.6a 52.4+41a
Soluble solid content (°Brix) 12.3+x0.5a 12.6+x0.4a
Titratable acidity (% citric acid) 0.97+0.05a 0.94+0.04a
Maturity Index (SSC/TA) 12.7+0.4a 13.4+0.3a
Vitamin C (mg/L) 366+18Db 419+25a

Antioxidant Activity (mM Trolox/mL) 0.053+0.003b 0.076+0.004 a

L* 59.42+0.96a 52.83+0.69b
a* 19.94+051b 28.03+0.88a
b* 51.36+0.39b 66.51=0.48a
Cap* 55.09+0.42b 72.170.71a
Pab 68.78+0.64a 67.14+0.92a

Mandarin orange fruits with the same letter, within the same row, were not
significantly different at p < 0.005 for the evaluated property (Tukey’s multiple
range test).

Maturity index is the ratio between the solid soluble content and titratable
acidity.

Orogrande Mandarin oranges were studied on con-
ventional and organic farming. Organic production
means that no synthetic chemicals were used in the pro-
duction of these fruit trees and that only natural sub-
stances were used to control pest, weeds, etc. Farming of
organic mandarin trees followed all rules established by
the Board of Organic Agriculture of the Murcia Region
(BOAM, 2009). A complete list of the materials used in
both conventional and organic farming is included in
Table 2.

Methods
Sample Preparation

Mandarins were collected and processed the same
day. The exact weights of fruits processed were 8550
and 9240kg of conventional and organic Orogrande
mandarin oranges, respectively. Mandarin juices were
processed in a commercial plant (Murcia, Spain) and
were obtained using a Premium Juice Extractor (FMC
Corporation, Florida, USA; FMC, 2009). This machin-
ery leads to a juice with a low content of essential oils
(Kimball, 2002) because after a proper calibration of
fruits the contact between the juice and the skin of man-
darins is minimized.

Freshly squeezed juices were treated in an Alfa Laval
plate heat exchanger (Alfa Laval Iberia S.A., Madrid,
Spain), for 20s at a temperature of 98 °C. After this heat
treatment, the juice was first transferred to a pre-cooler,
which cooled the juice down to 30°C using forced air
and then to a cooler, which finally took the temperature
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Table 2. Materials used in both conventional and organic farming (Source: Beltran et al. 2008b).

Agricultural practice

Compound Conventional

Organic

Soil fertilizers

Ammonium nitrate, calcium nitrate, ammonium sulphate,

Manure, compost, and fulvic and humic

phosphoric acid, diammonium phosphate, potassium acids
sulphate, potassium nitrate, potassium chloride

Foliar fertilizers
oligoelements

Herbicides Bromacil, diuron, diquat, fluroxypyr, glyphosate, norflurazon,
paraquat, sulfosate, simazine.
Pesticides Malathion, dicofol, methidathion, clopidol

potassium phosphate, magnesium nitrate, urea, mixture of

algae extracts, aminoacids

None; weeds are removed by mechanical
methods
Neem oil, pheromone traps

down to 2°C. Heat-treated juices were stored in aseptic
metallic deposits at a temperature of 4°C.

Physico-Chemical Analyses

The soluble solids content, SSC (°Brix), was deter-
mined using a portable refractometre Comecta, S.A.,
model C3 (Barcelona, Spain). Titratable acidity, TA
(% citric acid), was determined in 10mL of juice by
titration to pH 8.2+0.1 with a 0.1 N NaOH solution.
The maturity index, M1, was calculated for each mix and
expressed as the percentage of the ratio between the SSC
and TA.

Vitamin C (reduced ascorbic acid) was measured fol-
lowing the AOAC Official Method 985.33 (Horwitz,
2000). Ascorbic acid was estimated by titration with col-
ored oxidation-reduction indicator, 2,6-dichloroindo-
phenol. EDTA was added as chelating agent to
remove Fe and Cu interferences.

All physico-chemical analyses were analyzed in 20
fruits of each agricultural practice.

Instrumental Measurement of Color

Color determinations were made, at 25+ 1°C, using a
Hunterlab Colorflex® (Hunterlab, Reston, Virginia,
U.S.A.). This spectrophotometer uses an illuminant
D65 and a 10° observer as references. A sample cup
for reflectance measurements was used (5.9 cm internal
diameter x 3.8 cm height) with a path length of light of
10 mm. Blank measurements were made with the cup
filled with distilled water against a reference white back-
ground (Pérez-Lopez et al., 2006).

Color data are provided as CIE L*a*b* coordinates,
which define the color in a three-dimensional space
(Minolta, 1994). Color analyses were run in 6 replicates.

Antioxidant Activity

The oxygen radical absorbance capacity (ORAC)
analyses were conducted using a Synergy HT multide-
tection microplate reader (Bio-Tek Instruments Inc.,

Winooski, VT), using 96-well polystyrene microplates
with black sides and clear bottom. Fluorescence was
read through the clear bottom, with an excitation wave-
length of 485/20 nm and an emission filter of 528/20 nm.
The ORAC was determined as described by Davalos
(2004) with slight modifications (Lucas-Abellan et al.,
2008). All reaction mixtures were prepared in triplicate
and at least three independent assays were performed for
each sample. To avoid temperature effect, only the inner
60 wells were used for experimental purposes, while the
outer wells were filled with 200 uL of distilled water.

The results were expressed as relative fluorescence
with respect to the initial reading. The area under the
fluorescence decay curve (AUC) was calculated by the
equation:

i=120

AUC =1+ Zﬁ/ﬂ)

i=1.14

where f is the initial fluorescence reading at 0 min and
/i is the fluorescence reading at time i. The net AUC
corresponding to the sample was calculated by subtract-
ing the AUC corresponding to the blank to the sample
AUC. The results of antioxidant capacity were
expressed as mM of Trolox C per uL of juice.

Minerals Contents

A multi-place digestion block, Selecta Block Digest 20
(Barcelona, Spain), was used for sample mineralization.
I5mL of juice were treated with SmL of concentrated
HNOj; (65%, w/v) in Pyrex tubes, placed in the digestion
block, and heated at 60°C for 60 min and at 130°C for
120 min (Carbonell-Barrachina et al., 2002). Solutions
were left to cool to room temperature, transferred to a
volumetric flask and diluted to a final volume of 25mL
with ultra-high-purity deionized water.

Determination of Ca, Mg, K, Cu, Fe, Mn and Zn in
previously- mineralized samples was performed with a
Unicam Solaar 969 atomic absorption spectrometer
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(Unicam Limited, Cambridge, U.K.). Minerals were
analyzed in five replicates.

Instruments were calibrated using certified standards.
In each analytical batch, at least one reagents blanks,
one international reference material (CRM) and one
spike were included to assess precision and accuracy
for chemical analysis. The certified material selected
for the current experiment was GBWO07603 (bush,
branches and leaves); this material was provided by
LGC Deselaers S.L. (Barcelona, Spain) and produced
by the Institute of Geophysical and Geochemical
Exploration of China (GBW07603).

Carotenoid Compounds Extraction and Quantification

The quantification of total carotenoid content and
carotenoids profiling were carried out following the
methods previously described by Darnoko et al. (2000)
and Andreu-Sevilla et al. (2008). Mandarin orange juices
were extracted with acetone; samples were later saponi-
fied with 20% KOH-methanol. Finally, pigments were
extracted with diethyl ether, evaporated in a rotary
evaporator and taken up in a maximum of 10mL of
acetone.

The high-performance liquid chromatography system
consisted of an HP-1100 series unit with a photodiode
array detector equipped with HP ChemStation software
(Hewlett Packard, Palo Alto, CA). The column used was
a 250mm x 4.6mm id., YMC C30, S-5um (YMC,
Schermbeck, Germany). The mobile phase for this
column was 81:15:4 methanol:methyl tertiary butyl
ether (MTBE): H,O (solvent A) and 91:9 MTBE: meth-
anol (solvent B). The gradient elution was 100% A to
50% A and 50% B in 45 min followed by 100% B in the
next 10 min and 100% A in the next 5min at a flow rate
of 0.8 mL/min (Darnoko et al., 2000; Andreu-Sevilla
et al., 2008). Carotenoids were monitored at 450 nm
and analyses were carried out in triplicate.

Identification was based on the order of elution,
retention time and spectra of absorbance maxima of a
particular peak. Standards of violaxanthin, antherax-
anthin, B-cryptoxanthin and «- and B-carotene for quan-
tification purposes were obtained from CaroteNature
(Lupsingen, Switzerland); besides, standards of lutein
and zeaxanthin were obtained from Extrasynthase
(Genay, France).

The absolute concentrations of the main mandarin
juices carotenoids  (violaxanthin, antheraxanthin,
lutein, zeaxanthin, [-cryptoxanthin, o-carotene and
B-carotene) were worked out by external calibration in
the range of 0—15mg/L for p-cryptoxanthin and
0—6mg/L for the rest of carotenoids. On the other
hand, the levels of luteoxanthin-like, 9-cis-violaxanthin,
luteoxanthin b, mutatoxanthin-like, cis-antheraxanthin
and zeionoxanthin were calculated out using B-apo-8'-
carotenal as internal standard (Hans-Dieter et al., 1999),
due to lack of proper commercial standards.

Total carotenoid content was assessed as the sum of
the content of the 13 individual carotenoids studied in
this experiment.

Sensory Evaluation

Sensory analysis was performed by a trained panel to
evaluate the quality of mandarin orange juices. A panel
of 10 panellists, ages from 20 to 50 years (8 female and
2 male, all members of the Catholic University San
Antonio of Murcia), with sensory evaluation experience,
was trained in descriptive evaluation of citrus juice
(Serrano-Megias et al., 2005).

The panel was selected and trained following the ISO
standard 8586-1 (AENOR, 1997; Meilgaard, 1999).
Further details on selection, training and validation of
the panel can be found in Pérez-Lopez et al. (2000).

Measurements were performed in individual booths
with controlled illumination (750—1000 lux) and temper-
ature (23+£2°C) (AENOR, 1997; Meilgaard, 1999). The
individual products were scored for the intensities of
color, sweetness, acidity, fresh mandarin juice aroma,
floral aroma and off-flavor using a scale of 0-—10,
where: 0 =extremely slight intensity, and 10 = extremely
high intensity.

Samples were presented in 50 mL plastic cups with
lids. The entire experiment was repeated three times
(all judges scored two juice samples on each session
for a total of three sessions) and the sensory scores
were presented as the overall means.

Statistical Analysis

All data were subjected to analysis of variance
(ANOVA) and the Tukey’s least significant difference
multi-comparison test to determine significant differ-
ences among mandarin orange juices. Significance of
differences was represented as p <0.001. The statistical
analyses were done using SPSS 14.0 (SPSS Science,
Chicago, USA).

RESULTS AND DISCUSSION

Mandarins from the cultivar Orogrande were selected
for this study because they present adequate technolog-
ical (quite homogeneous in size and form, making peel-
ing and squeezing easy) and sensory (intense sweetness)
properties for juice making (Garcia-Lidon et al., 1996).

No significant differences (p < 0.05) in quality param-
eters of the conventional and organic mandarins were
found at picking time (Table 1). The main properties of
the Orogrande mandarins selected for this experiment
were: 91.4¢g, 55.0mm of diameter and a maturity index
of 13.1 (mean values of conventional and organic man-
darins). However, organic mandarins contained a signif-
icantly (p <0.001) higher content of vitamin C than
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conventional fruits, 419 +£25 and 366 + 18 mg/L, respec-
tively (Table 1).

Antioxidant Activity

Organic farming resulted in significantly higher anti-
oxidant activity compared to conventional farming, with
values being 0.076 +0.004 mM Trolox/mL of juice and
0.053+0.003mM Trolox/mL, respectively (Table 1).
One possible explanation for this experimental finding
is that organic trees are not treated with synthetic
pesticides and therefore these trees must induce the
synthesis of natural protecting compounds, such as
carotenoids, leading to a final increase in their natural
antioxidant activity.

These results agreed with those previously reported
for other agricultural products such as red grapes
(Negro et al., 2003; Rivero-Pérez et al., 2008), tomatoes
(Toor and Savage, 2006) and oranges (Arena et al.,
2001; Riso et al., 2005).

Instrumental Measurement of Color

Beltran et al. (2008a) studied the effect of the manda-
rin cultivar on the color coordinates of mandarin juices
and concluded that juice from Clemenules mandarins
presented the higher values of coordinate ¢*, and coor-
dinate b* and Chroma, C,,*, of eleven mandarin culti-
vars under study. In that study, the values of L*, a*, b*
and C,,* for the conventional Orogrande juice and the
mean of the 11 mandarin orange cultivars studied were
as follows: a) 50.75, 7.79, 28.42 and 29.47; and b) 51.85,
8.21, 28.91 and 29.52, respectively.

Juices from organic Orogrande mandarins presented
better color characteristics than juices from conven-
tional fruits (Table 1); juices are better considered by
consumers when being less clear but having more intense
color coordinates (¢*, b* and C,,*). A change from tra-
ditional agricultural practices to more environmentally
friendly organic farming practices resulted, in this par-
ticular study, in a significant (p <0.001) increase in the
intensity of the orange color of mandarin juices. This
improvement in the color of Orogrande mandarin
juices was related to significant (p <0.001) increases in

some color coordinates a* (8.09 units), b* (15.15 units)
and C,;* (17.08 units) and a decrease in the coordinate
L* (6.59 units).

Similar positive effects of organic farming on the
color of Hernandina mandarin juices were reported pre-
viously by Beltran et al. (2008b), although the increases
in the color coordinates caused by organic farming were
around three units. On the other hand, no significant
effects were found for Clemenules mandarins (Pérez-
Lopez et al., 2007). Considering the color data included
in Table 1 and literature information, Orogrande culti-
var can be considered as very sensitive cultivar to
organic farming.

Mineral Contents

Certified values for Ca (%), Mg (%), K (%), Cu
(mg/kg), Fe (mg/kg), Mn (mg/kg) and Zn (mg/kg)
were: 1.81+£0.07, 0.65+0.03, 1.38+0.04, 274+10,
9.3£0.5,45+2 and 37+ 1, respectively, while measured
values for the same elements were: 1.79+0.04,
0.65+0.02, 1.42+0.02, 270+£12, 9.4+0.3, 48+3 and
3542, respectively. These results show the goodness of
the digestion and spectroscopy analyses of minerals.

Organic farming had a significant effect on the con-
tent of some of the analyzed elements, macro-nutrients
(Ca and K) and micro-nutrients (Fe). In general,
nutrients contents were higher in the juice from the
organic mandarins (Table 3); however, differences were
not always statistically significant. Mandarin orange
juice is a very good source of potassium (mean of
3.2¢g/L).

The concentrations of almost all nutrients analyzed in
this study fall within the ranges reported in the literature
for mandarin juices from different geographical areas,
such as Florida, California, México and Brazil, and
within the ranges suggested by the guidelines of AIJN
(Ting and Rouseff, 1986; AIJN, 2009). Besides and as
expected because we worked with natural freshly
squeezed juices, the concentrations of Cu, Zn and Fe
were below the maximum levels recommended by the
Codex Stan 45-1981 of 5, 5 and 15mg/L.

Table 3. Minerals contents of Orogrande mandarin orange juices as affected by type of farming
(conventional or organic).

Minerals (mg/L)

Agricultural practice Ca Mg K Fe Cu Mn Zn
Conventional 74.8+3.8b 109+16a 2986+79b 0.69+0.07b 0.19+0.06a 0.18+0.04a 0.31+0.05a
Organic 98.7+5.1a 138+33a 3325+94a 0.86+0.09a 0.17+0.04a 0.21+0.02a 0.37+0.02a

Mandarin orange fruits with the same letter, within the same column, were not significantly different at p <0.005 for the mineral evaluated (Tukey’s multiple

range test).
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Table 4. Carotenoids concentrations of Orogrande
mandarin orange juices as affected by type of farming
(conventional or organic).

Farming type

Carotenoid Conventional Organic

Violaxanthin 0.23+0.06b 0.58+0.13a
Luteoxanthin-like 0.15+0.03b 0.41+0.06a
9-cis-Violaxanthin 0.78+0.15b 1.59+0.32a
Antheraxanthin 1.35+0.29b 2.87+0.24a
Luteoxanthin b 0.15+0.03b 0.28+0.05a
Lutein 0.94+0.20a 1.21+0.34a
Mutatoxanthin-like 0.75+0.11b 1.09+0.18a
cis-Antheraxanthin 0.88+0.15b 1.97+0.31a
Zeaxanthin 0.41+0.11a 0.62+0.23a
Zeinoxanthin 2.08+0.14b 2.92+0.39a
-Cryptoxanthin 7.55+0.11b 8.34+0.09a
a-Carotene 0.35+0.12a 0.61+0.20a
B-Carotene 0.09+0.03a 0.18+0.06 a
TOTAL 15.7+0.4b 22.7+03a

Mandarin orange fruits with the same letter, within the same row, were not
significantly different at p < 0.005 for the specific carotenoid (Tukey’s multiple
range test).

Total Carotenoid Content and Carotenoids
Composition

Organic farming caused a positive effect on the total
content of carotenoids in Orogrande juices, increasing
the values of this quality parameter from 15.7+0.4 in
conventional juices to 22.7+0.3mg/L in organic juices
(Table 4). A change from traditional agricultural prac-
tices to organic farming practices resulted in an increase
of about 45% of total carotenoids content, which is a
very significant improvement in the nutritional value of
this juice. Lee and Castle (2001) concluded that total
juice carotenoids increased as the fruit ripening prog-
ressed and ranged from about 1 mg/L in unripe oranges
up to 9mg/L in ripe fruits. Values found in the present
experiment agreed with ripe mandarins (mean maturity
index of 13.1), which have an intense orange color as
previously described in the instrumental color section.

Organic farming significantly increased concentra-
tions of 9 out of 13 identified carotenoids in
Orogrande juice (Table 4); however, no specific effects
of organic farming on the different carotenoid biosyn-
thesis pathways can be proposed from results obtained
in this experiment and more research is needed to reach
such conclusions. The predominant carotenoids found
in Orogrande juices were -cryptoxanthin, zeinoxanthin,
antheraxanthin, and cis-antheraxanthin with mean con-
centrations of 7.95, 2.50, 2.11 and 1.43mg/L, respec-
tively (Table 4). Meléndez-Martinez et al. (2007a)
stated that the carotenoid profile of most foods depends
on the fruit variety, climatic factors, industrial process-
ing and storage conditions, among others. Even so,

B-cryptoxanthin has always been reported as the major
carotenoid found in mandarin juices.

Although approximately 700 carotenoids have been
reported only those with an unsubstituted B-ring with
an 11-carbon polyene chain, have pro-vitamin A activity
(Meléndez-Martinez et al., 2007a, ¢). This structural
requirement is satisfied by around 60 carotenoids
(Rodriguez-Amaya, 2001). Vitamin A (retinol) can also
be provided in the diet as other preformed forms as pro-
vitamin A carotenoids, which are subsequently trans-
formed into vitamin A (Meléndez-Martinez et al.,
2007a).

The retinol activity equivalents (RAE) of the samples
analyzed and discussed here referred to 1 L of mandarin
orange juice. The bioavailability of carotenoids is influ-
enced by many factors, such as amount, food matrix,
age, existence of certain diseases or parasite infestation,
intake of fat, vitamin E and fiber, protein and zinc status
(Thomasset et al., 2007). According to this, it is difficult
to accurately determine the RAE of any food. In this
study, calculations were performed, considering new
guidelines according to the following formula
(FNBIM, 2002):

RAE — (,ug B —lczarotene)

ug o — carotene + ug f — cryptoxanthin
+ 24

The RAE values found in this study for Orogrande
traditional and organic mandarin orange juices were 337
and 388 RAE/L, respectively; these high values of RAE/
L support the general fact that mandarin products are a
very good source of vitamin A and this statement is
especially true for organic mandarin juices. These exper-
imental values fit perfectly within the range previously
described by Meléndez-Martinez et al. (2007a) for the
RAE/L contents of different types of orange and man-
darin juices marketed in Spain ranging from 9.7 to 359.
This RAE/L range was significantly reduced when only
orange juices were considered, 9.7 to 94.8. Without any
doubt the high levels of RAE in mandarin juices com-
pared to other citrus juices are related to their higher
concentrations of B-cryptoxanthin.

Sensory Quality

The trained panel established that the quality of both
juices was high but that organic juice had slightly higher
intensities of color, fresh mandarin juice aroma and
floral aroma than conventional juice. In fact, the exact
values for color, sweetness, acidity, fresh mandarin
aroma and floral aroma for the organic and conven-
tional juices were as follows: 8.2+0.1, 6.5+0.1,
57+0.1, 84+0.1, 54+0.1 and 7.7+0.1, 6.4+0.1,
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5.7+0.1, 7.4£0.1, 5.0£0.1, respectively. No off-flavors
were detected for any of the two juices under study.

CONCLUSIONS

If the most popular mandarin orange -cultivar,
Clemenules, is not available for juice making,
Orogrande is a good option and it has been demon-
strated that this cultivar is very sensitive to organic
farming (high increases in values of color coordinates,
total carotenoids content, etc.). In general, mandarin
juices are very good sources of potassium and B-cryp-
toxanthin. Organic Orogrande mandarin juices were
characterized by high antioxidant activity (0.076 mM
Trolox m/L), intense orange color (C,;*72.2), high con-
tent of total carotenoids (22.7mg/L), high contents of
nutrients such as calcium, potassium, iron and vitamin C
content (419 mg/L). Besides, the sensory quality of the
organic juice was better than that of the conventional
juice based on intensities of color, fresh mandarin and
floral aromas. Therefore, organic farming had positive
effects on the quality of mandarin juices, cultivar
Orogrande.

REFERENCES

AENOR - Asociacion Espafiola de Normalizacion y Certificacion
(1997). Sensory Evaluation of Food. Madrid, Spain: UNE
Standards AENOR.

AIJN - Association of the Industry of Juices and Nectars from Fruits
and Vegetables of the European Union. (2009). AIJN code of
practice for evaluation of fruit and vegetable juices. Available
at: http://www.aijn.org (accessed April 7, 2011).

Andreu-Sevilla A., Hartmann A., Sayas E., Burlo-Carbonell F.,
Delgado-Estrella P., Valverde J.M. and Carbonell-Barrachina
A.A. (2008). Mathematical quantification of total carotenoids
in Sioma® oil using colour coordinates and multiple linear regres-
sion during deep-frying simulations. European Food Research and
Technology 226: 1283—1291.

Arena E., Fallico B. and Maccarone E. (2001). Evaluation of antiox-
idant capacity of blood orange juices as influenced by constitu-
ents, concentration process and storage. Food Chemistry 74:
423-427.

Beltran-Gonzalez F., Perez-Lopez A.J., Lopez-Nicolas J.M. and
Carbonell-Barrachina A.A. (2008a). Effects of mandarin cultivar
on quality of mandarin juice. Food Science and Technology
International 14(4): 307—314.

Beltran-Gonzalez F., Pérez-Lopez A.J., Lopez-Nicolas J.M. and
Carbonell-Barrachina A.A. (2008b). Effects of agricultural prac-
tices on instrumental colour, mineral content, carotenoid compo-
sition and sensory quality of mandarin orange juice, cv.
Hernandina. Journal of the Science of Food and Agriculture
88(10): 1731—1738.

BOAM. - Board of Organic Agriculture of the Murcia Region. (2009).
Ecologic agriculture. Available at: http://www.caermurcia.com
(accessed April 12, 2011).

Burch D., Lyons K. and Lawrence G. (2001). What do we mean by
green? Consumers, agriculture and the food industry. In: Lockie
S. and Pritchard W. (eds), Consuming Foods, Sustaining
Environments, Rockhampton, Australia: Centre for Social
Science Research.

Canavari M., Bazzani G.M., Spadoni R. and Regazzi D. (2002). Food
safety and organic fruit demand in Italy: a survey. British Food
Journal 104: 220—232.

Carbonell-Barrachina A.A., Garcia E., Sanchez-Soriano J., Aracil P.
and Burlo F. (2002). Effects of raw materials, ingredients, and
production lines on arsenic and copper concentrations in confec-
tionery products. Journal of Agricultural and Food Chemistry 50:
3738-3742.

Darnoko D., Cheryan M., Moros E., Jerrel J. and Perkins E.G. (2000).
Simultaneous HPLC analysis of palm carotenoids and tocoph-
erols using a C-30 column and photodiode array detector.
Journal of Liquid Chromatography and Related Technologies 23:
1873—1885.

Davalos A., Gomez-Cordovés C. and Bartolomé B. (2004). Extending
applicability of the oxygen radical absorbance capacity (ORAC-
Fluorescein) assay. Journal of Agricultural and Food Chemistry
52: 48—54.

FMC. (2009). FMC food technologies. Available at: http://
www.fmcfoodtech.com (accessed April 7, 2011).

FNBIM. - Food and Nutrition Board, Institute of Medicine (2002). In:
Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium and
Carotenoids. Washington DC: National Academy Press.

Foster C. and Lampkin N. (2005). European organic production sta-
tistics, 1993-1996. In: Organic Farming in Europe: Economics and
Policy. Universitat Hohenheim, Stuttgart: Hohenheim: Insitut
fur Landwirtschaftliche Betriebslehre.

Garcia-Lidon  A., Egea-Nicolas C., Sanchez-Bafios M. and
Porras-Castillo 1. (1996). Estudio comparativo preliminar del
comportamiento de la clementina orogrande con respecto a
otras clementinas. Levante Agricola 35: 17-25.

Hans-Dieter M., Jager C., Ruck C., Schimidt M., Walsh R. and Paust
J. (1999). Anty- and prooxidant properies of carotenoids. Journal
fur Praktische Chemie 341(3): 302—308.

Heaton S. (2001). Organic Farming, Food Quality and Human Health:
A Review of the Evidence. Bristol, UK: Soil Association.

Horwitz W. (2000). Vitamin C (reduced ascorbic acid) in ready-to-feed
milk-based infant formula (AOAC official method 985.33).
In: Official Methods of Analysis of AOAC International, 17th
edn, Gaithersburg, MD: AOAC.

Kimball D.A. (2002). Citric Processing [In Spanish]. Zaragoza, Spain:
Editorial Acribia.

Lee H.S. and Castle W.S. (2001). Seasonal changes of carotenoid pig-
ments and colour in Hamlin, Earlygold, and Budd blood orange
juices. Journal of Agricultural and Food Chemistry 49: 877—882.

Liu R.H. (2003). Suplement quick fix to deliver. Food Science and
Technology International 1: 71—72.

Lucas-Abellan C., Mercader Ros M.T., Zafrilla M.P., Fortea M.I.,
Gabaldon J.A. and Nufnez-Delicado E. (2008). ORAC-fluores-
cein assay to determine the oxygen radical absorbance capacity
of resveratrol complexed in cyclodextrins. Journal of Agricultural
and Food Chemistry 56: 2254—2259.

MAPA. - Ministerio de Agricultura, pesca y Alimentacion (2005).
In: Matters and Figures of the Agrofood Sector and Rural Spain
(in Spanish). Madrid, Spain: MAPA.

Meilgaard M., Civille G.V. and Carr B.T. (1999). Sensory Evaluation
Techniques. 3rd edn, Boca Raton, FL: CRC Press.

Meléndez-Martinez A.J., Vicario .M. and Heredia F.J. (2007a).
Provitamin A carotenoids and ascorbic acid contents of the dif-
ferent types of orange juices marketed in Spain. Food Chemistry
101(1): 177—184.

Meléndez-Martinez A.J., Vicario I.M. and Heredia F.J. (2007b).
Carotenoids, colour, and ascorbic acid content of a novel
frozen-marketed orange juice. Journal of Agricultural and Food
Chemistry 55: 1347—1355.

Meléndez-Martinez A.J., Vicario I.LM. and Heredia F.J. (2007c).
Review: analysis of carotenoids in orange juice. Journal and
Food Composition and Analysis 20: 638—649.

MINOLTA (1994). Minolta, Precise Colour Communication. Colour
Control from Feeling to Instrumentation. Osaka, Japan: Minolta
Co. Ltd.

Downloaded from fst.sagepub.com at UPC (CSIC) on June 21, 2011


http://fst.sagepub.com/

248 P. NAVARRO ET AL.

Negro C., Tommasi L. and Miceli A. (2003). Phenolic compounds and
antioxidant activity from red grape marc extracts. Bioresource
Technology 87: 41—44.

Pérez-Lopez A.J., Beltran F., Serrano-Megias M., Saura D. and
Carbonell-Barrachina A.A. (2006a). Changes in orange juice
colour by addition of mandarin juice. European Food Research
and Technology 222: 516—520.

Pérez-Lopez A.J., Lopez-Nicolas J.M. and Carbonell-Barrachina A.A.
(2007). Effects of organic farming on minerals contents and
aroma composition of Clemenules mandarin juice. European
Food Research and Technology 225: 255-260.

Riso P., Visioli F., Gardana C., Grande S., Brusamolino A., Galvano
F. and Porrini M. (2005). Effects of blood orange juice intake on
antioxidant bioavailability and on different markers related to
oxidative stress. Journal of Agricultural and Food Chemistry 53:
941-947.

Rivero-Pérez M.D., Gonzalez-Sanjos¢ M.L., Ortega-Heras M. and
Muiiz P. (2008). Antioxidant potential of single-variety red

wines aged in the barrel and in the bottle. Food Chemistry 111:
957-964.

Rodriguez-Amaya D.B. (2001). 4 Guide to Carotenoid Analysis in
Foods. Washington, DC: ILSI Press.

Serrano-Megias M., Pérez-Lopez A.J., Nunez-Delicado E., Beltran F.
and Lopez-Nicolas J.M. (2005). Optimization of tropical juice
composition for the Spanish market. Journal of Agricultural
and Food Chemistry 70: S28—S33.

Thomasset S.C., Berry D.P., Garcea G., Marczylo T., Steward W.P.
and Gescher A.J. (2007). Dietary polyphenolic phytochemicals.
International Journal of Cancer 120(3): 451—458.

Ting S. and Rouseff L. (1986). Citrus Fruits and their Products:
Analysis, Technology. New York: Marcel Dekker Inc, p. 293.

Toor R.K. and Savage G.P. (2006). Effect of semi-drying on the anti-
oxidant components of tomatoes. Food Chemistry 94: 90—97.

Vinson J.A., Su X., Zubik L. and Bose P. (2001). Phenol antioxidant
quantity and quality in foods: fruits. Journal of Agricultural and
Food Chemistry 49(11): 5315-5321.

Downloaded from fst.sagepub.com at UPC (CSIC) on June 21, 2011


http://fst.sagepub.com/

